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PREFACE 
The purpose of this working paper is to provide some addi- 
tional insights on the process of transforming agricultural 
R and D resources into food and other agricultural products and 
the related resource and environmental issues. Emphasis will 
be placed on providing guidelines and information expected to be 
useful for the further planning and execution of the IIASA re- 
search project on "Limits and Consequences of Food production 
Technologies".l 
'For a description of the project see: IIASA, Research Plan 
1980-1984 and Jaroslav Hirs, An Approach to the Investigation 
of Limits and Consequences of Food Production Technologies 
(draft), IIASA, Laxenburg, 1979. 
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THE IMPACT O F  TECHNOLOGICAL CHANGE 
I N  AGRICULTURE ON PRODUCTION, 
RESOURCE USE AND THE ENVIRONIIENT: 
TOWARDS AN APPROACH FOR EX ANTE 
ASSESSMENT 
Per Pinstrup-Andersen 
INTRODUCTION 
This paper focuses  on i s s u e s  expected t o  be important  i n  t h e  
e f f o r t s  t o  bett'er understand,  a s s e s s  and model t h e  process  of 
technologica l  change i n  a g r i c u l t u r e .  I n  accordance wi th  t h e  goa l s  
of t h e  o v e r a l l  p r o j e c t  t h e  emphasis of t h i s  paper i s  placed on t h e  
i n t e r a c t i o n  between t echno log ica l  change and food product ion,  re -  
source use  and environment. A s h o r t  d e s c r i p t i o n  of each of t h e  
major elements of t h e  process  and how t h e  elements i n t e r a c t  w i l l  
be accompanied by a b r i e f  overview of t h e  r e l e v a n t  empi r i ca l  
evidence and t h e  most success fu l  models and es t ima t ion  methods used 
i n  r e c e n t  empi r i ca l  s t u d i e s .  F i n a l l y ,  sugges t ions  w i l l  be made 
on t h e  f u r t h e r  p r o j e c t  development with emphasis on t h e  modeling 
e f f o r t s .  
The adoption p rocess  and t h e  impact of t echno log ica l  change 
on a g r i c u l t u r a l  product ion,  resource  use  and environment w i l l  be 
d iscussed .  Furthermore, a g r i c u l t u r a l  r e sea rch  and development, 
inc luding  t e s t i n g  and d i f f u s i o n  of new technology, w i l l  be t r e a t e d .  
The remainder of t h i s  no te  is  divided  i n t o  seven p a r t s .  A 
b r i e f  d i scuss ion  of t h e  problem a r e a  and t h e  needs f o r  p o l i c i e s  
and s t r a t e g i e s  f o r  t echno log ica l  change i n  a g r i c u l t u r e  a r e  pre- 
sented  f i r s t .  Then fo l lows a p r e s e n t a t i o n  of an o v e r a l l  frame- 
work f o r  t h e  process  i n  ques t ion .  Demand and supply f a c t o r s  i n  
a g r i c u l t u r a l  R and D and t h e  r e l a t e d  decision-making i s s u e s  a r e  
discussed i n  t h e  t h i r d  s e c t i o n .  Then a t t e n t i o n  w i l l  be g iven  t o  
the  adopt ion process  ( s e c t i o n  4 ) ,  and t h e  i n t e r a c t i o n  between 
technologica l  change i n  a g r i c u l t u r e  and food product ion ( s e c t i o n  
5 ) ,  resource  use ( s e c t i o n  6 ) ,  and environment ( s e c t i o n  7 ) .  
PROBLEM AREA 
The food  and n u t r i t i o n  problems o f  t h e  wor ld  r e q u i r e  no ex- 
p l a n a t i o n  here. Although  it may b e  a rgued  t h a t  c u r r e n t  wor ld  
food p r o d u c t i o n  i s  s u f f i c i e n t  t o  p r o v i d e  a n  a d e q u a t e  d i e t  f o r  a l l ,  
t h e  f a c t  i s  t h a t  c u r r e n t  d i s t r i b u t i o n  o f  a v a i l a b l e  f o o d s  i s  such  
t h a t  l a r g e  segments  o f  t h e  wor ld  p o p u l a t i o n  s u f f e r  from i n -  
s u f f i c i e n t  f o o d  i n t a k e .  F u r t h e r m o r e ,  t h e r e  i s  l i t t l e  r e a s o n  t o  
e x p e c t  tha t  t h e  d i s t r i b u t i o n  of  c u r r e n t l y  a v a i l a b l e  q u a n t i t i e s  of  
food  among c o u n t r i e s  and i n t r a - c o u n t r y  p o p u l a t i o n  g r o u p s  w i l l  im-  
p r o v e  s i g n i f i c a n t l y  i n  t h e  n e a r  f u t u r e .  Changes i n  food  d i s t r i b u -  
t i o n  mus t  come a b o u t  p r i m a r i l y  t h r o u g h  a d d i t i o n a l  f o o d  s u p p l i e s .  
I n c r e a s i n g  incomes w i l l  r e s u l t  i n  i n c r e a s e s  i n  food demand. 
Unless  p a r a l l e l e d  by s u p p l y  i n c r e a s e s  o f  t h e  same magni tudes ,  such  
demand i n c r e a s e s  w i l l  r e s u l t  i n  upward p r e s s u r e s  on food  p r i c e s  
which,  i n  t u r n ,  may r e d u c e  food i n t a k e s  among low-income f a m i l i e s  
b e c a u s e  t h e s e  families a l r e a d y  s p e n d  a l a r g e  p r o p o r t i o n  o f  t h e i r  
incomes o n  food and  o t h e r  n e c e s s i t i e s .  Of c ,ourse,  i f  c o n s i d e r -  
a b l e  income i n c r e a s e s  are o b t a i n e d  by t h e s e  f a m i l i e s ,  t h e  ne, t  
e f f e c t  on  t h e i r  food  i n t a k e  may be  p o s i t i v e .  However, e x c e p t  f o r  
a few c o u n t r i e s ,  t h e r e  are no i n d i c a t i o n s  t h a t  poor  f a m i l i e s  w i l l  
g a i n  even t h e i r  p r o p o r t i o n a l  s h a r e  o f  t o t a l  income growth .  I n  
a d d i t i o n  t o  t h e  e f f e c t  o f  income e x p a n s i o n s ,  t h e  f u t u r e  food  
demand w i l l  b e  a f f e c t e d  by p o p u l a t i o n  growth.  Thus,  assuming no 
s i g n i f i c a n t  changes  i n  e x i s t i n g  income d i s t r i b u t i o n ,  food  produc- 
t i o n  must b e  expanded c o n s i d e r a b l y  i n  t h e  f u t u r e  j u s t  t o  a v o i d  a  
worsen ing  o f  t h e  c u r r e n t  food and n u t r i t i o n a l  s i t u a t i o n .  E s t i m a t e s  
of t h e  r e q u i r e d  a n n u a l  growth ra te  f o r  food  p r o d u c t i o n  i n  marke t  
o r i e n t e d  d e v e l o p i n g  c o u n t r i e s  are i n  t h e  o r d e r  o f  f o u r  p e r c e n t  
(IFPRI and FAO). The m a j o r i t y  o f  s u c h  p r o d u c t i o n  i n c r e a s e s  must 
come a b o u t  t h r o u g h  expanded y i e l d s  p e r  u n i t  a r e a  w h i l e  area expan- 
s i o n s  w i l l  c o n t r i b u t e  a  smaller and  d e c r e a s i n g  p r o p o r t i o n  o f  re- 
q u i r e d  f u t u r e  p r o d u c t i o n  i n c r e a s e s .  Y i e l d  i n c r e a s e s  may b e  ob- 
t a i n e d  i n  a v a r i e t y  o f  ways. However, t h e  key t o  s u f f i c i e n t l y  
l a r g e  and s e l f - s u s t a i n i n g  y i e l d  i n c r e a s e s  is t e c h n o l o g i c a l  change.  
While o t h e r  measures  such  as i n c r e a s i n g  u s e  o f  t r a d i t i o n a l  i n p u t s  
may i n c r e a s e  y i e l d s ,  t h e y  w i l l  i n  most cases do  s o  o n l y  a t  i n -  
c r e a s i n g  c o s t s  p e r  u n i t  of o u t p u t .  T e c h n o l o g i c a l  change ,  on t h e  
o t h e r  hand,  may i n c r e a s e  y i e l d s  a t  r educed  p e r  u n i t  c o s t  and t h u s  
make a d d i t i o n a l  food a v a i l a b l e  a t  lower  p r i c e s .  
A l a r g e  p o r t i o n  o f  a b s o l u t e  as w e l l ,  a s  r e l a t i v e  p o v e r t y  is  
found i n  t h e  a g r i c u l t u r a l  s e c t o r .  Thus,  improving t h e  food  and 
n u t r i t i o n a l  s i t u a t i o n  t h r o u g h  cheap  food  p o l i c i e s  is  n o t  a f e a s i b l e  
a l t e r n a t i v e  b e c a u s e  low food i n t a k e s  a r e  c l o s e l y  a s s o c i a t e d  w i t h  
p o v e r t y .  F a i l u r e  t o  r e d u c e  p o v e r t y  i n  r u r a l  a r e a s  w i l l ,  i n  add i -  
t i o n  t o  t h e  h a r d s h i p s  it c a u s e s  among t h e  r u r a l  p o p u l a t i o n ,  r e s u l t  
i n  a  c o n t i n u a t i o n  o f  t h e  m i g r a t i o n  from r u r a l  t o  urban areas a t  
rates  t h a t  exceed  t h e  l a b o r  a b s o r b i n g  c a p a c i t y  o f  t h e  non- 
a g r i c u l t u r a l  s e c t o r s  and,  t h u s ,  c o n t r i b u t e  t o  i n c r e a s i n g  p o v e r t y  
o u t s i d e  t h e  s e c t o r .  On t h e  o t h e r  hand ,  expanding food  a v a i l a b i l i t y  
th rough  h i g h e r  food p r i c e s  w i l l  b e  ha rmfu l  t o  t h e  u rban  p o o r ,  i. e . ,  
t h o s e  n o t  d e r i v i n g  t h e i r  i n c o n e s  d i r e c t l y  from a g r i c u l t u r e .  Again ,  
expanded food p r o d u c t i o n  a t  reduced  p e r  u n i t  c o s t  a p p e a r s  t o  be 
t h e  o n l y  v i a b l e  s o l u t i o n .  
Food p roduc t ion  is - a s  any o t h e r  p roduc t ion  a c t i v i t y  - re- 
s o u r c e  us ing.  Technologica l  change may g r e a t l y  a f f e c t  t h e  r e s o u r c e  
u s e  p a t t e r n .  Rapid changes i n  t h e  p r i c e s  o? s o r e  r e s o u r c e s ,  e . g . ,  
f u e l  energy and f e r t i l i z e r s ,  du r ing  r e c e n t  y e a r s  and p r o s p e c t s  of  
a b s o l u t e  r e s o u r c e  s c a r c i t y  and n e g a t i v e  environmental  impacts  have 
r a i s e d  some ser ious .  q u e s t i o n s  r ega rd ing  t h e  c u r r e n t  and p r e d i c t e d  
f u t u r e  p a t h  o f  t e c h n o l o g i c a l  change i n  a g r i c u l t u r e .  The need t o  
a s s u r e  t h a t  t h e  pa th  t h a t  w i l l  a c t u a l l y  b e  fol lowed i n  f u t u r e  tech-  
n o l o g i c a l  change w i l l  pay due a t t e n t i o n  t o  r e l a t i v e  and a b s o l u t e  
r e s o u r c e  endowment, environmental  i s s u e s ,  f u t u r e  food demand and 
o t h e r  r e l e v a n t  i s s u e s  is becoming more obvious .  While some a rgue  
t h a t . r e l a t i v e  r e s o u r c e  and ou tpu t  p r i c e s  accompanied by minor 
a d j u s t i n g  p o l i c y  measures w i l l  a s s u r e  t h a t  t h e  op t ima l  p a t h  f o r  
s o c i e t y  w i l l  be  fo l lowed,  o t h e r s  would a rgue  t h a t  t h e  market  mech- 
anism is  g r o s s l y  i n e f f i c i e n t  t o  gu ide  t h e  f u t u r e  p a t h  o f  techno- 
l o g i c a l  change. S t i l l  o t h e r s  a rgue  t h a t  r e l y i n g  e x c l u s i v e l y  on 
t h e  market  f o r c e s  f o r  gu id ing  t h e  f u t u r e  t e c h n o l o g i c a l  development 
would l e a d  t o  d i s a s t e r  from t h e  p o i n t  o f  view of environment and 
d e p l e t i o n  o f  non-renewable r e sou rces .  
The t i m e  hor i zon  r e q u i r e d  f o r  t h e  guidance o f  RED and t h e  
r e s u l t i n g  t e c h n o l o g i c a l  change i n  a g r i c u l t u r e  i s  l ong  r e l a t i v e  t o  
t h e  t i m e  hor izon  impl ied  i n  t h e  r e a c t i o n  o f  market f o r c e s .  Thus, 
market  s i g n a l s  f o r  changing t h e  t e c h n o l o g i c a l  p a t h  may n o t  come 
about  s u f f i c i e n t l y  e a r l y  t o  a s s u r e  t h a t  t h e  requiredchange is  ob- 
t a i n e d  a t  t h e  most a p p r o p r i a t e  p o i n t  i n  t i m e .  The t i m e  l a g  be- 
tween changes i n  RED s t r a t e g i e s  and t h e  r e s u l t i n g  impact  i n  tech-  
n o l o g i c a l  change a t  t h e  farm l e v e l  may b e  c o n s i d e r a b l e  wh i l e  r e l a -  
t i v e  market  p r i c e s  would tend  t o  r e a c t  t o  immediate changes i n  
demand and supply  f a c t o r s  i n c l u d i n g  changes i n  r e l a t i v e  r e s o u r c e  
s c a r c i t y .  Thus, r a p i d  and a b r u p t  changes i n  r e s o u r c e  o r  p roduc t  
p ~ i c e s  r e q u i r i n g  immediate s u b s t i t u t i o n s  among i n p u t s  o r  o u t p u t s  
may n o t  be  r e f l e c t e d  i n  t h e  p a t h  of  t e c h n o l o g i c a l  change f o r  many 
y e a r s  t o  come. A s  f a rmer s  become more exper ienced  w i t h  technolog-  
i c a l  change, t h e  t i m e  requi rements  may be somewhat reduced.  O n  
t h e  o t h e r  hand, i n c r e a s i n g  complexi ty  of modern technology may 
extend t h e  t i m e  pe r iod  needed t o  produce t h e  d e s i r e d  technology.  
Inpu t  and o u t p u t  p r i c e  d i s t o r t i o n s  which c r e a t e  d i f f e r e n c e s  
between s o c i a l  and p r i v a t e  c o s t s  o f  i n p u t s  and o u t p u t s  a r e  ano the r  
f a c t o r  which makes market  f o r c e s  l e s s  e f f e c t i v e  i n  gu id ing  techno- 
l o g i c a l  change. E x i s t i n g  market  c o n d i t i o n s  may n o t  r e f l e c t  t h e  
t r u e  s o c i a l  v a l u e  o f  t h e  v a r i o u s  i n p u t s  and o u t p u t s .  Fur thermore,  
e x t e r n a l i t i e s  t o  t h e  i n d i v i d u a l  f i rn !  nlay imply t h a t  c e r t a i n  s o c i a l  
c o s t s  a r e  n o t  r e f l e c t e d  by t h e  market  f o r c e s .  Negat ive  environ-  
mental  e f f e c t s  may r e p r e s e n t  such a case .  
The above was focused  on market  o r i e n t e d  economies. I n  cen- 
t r a l l y  planned economies, d e c i s i o n s  on i n p u t  and o u t p u t  p r i c e s  
must a l s o  r e f l e c t  t h e  d e s i r e d  long  run t e c h n o l o g i c a l  change i n  
a d d i t i o n  t o  a  s e r i e s  of o t h e r  e f f i c i e n c y  and e q u i t y  g o a l s .  The 
need f o r  t h e  r e l e v a n t  i n fo rma t ion  t o  a s s u r e  op t ima l  p o l i c i e s ,  i n -  
c l u d i n g  t h e  c h o i c e  of p r i c e  l e v e l s ,  i s  no l e s s  e s s e n t i a l  i n  t h e s e  
c o u n t r i e s .  
Thus, i r r e s p e c t i v e  o f  t h e  economic and  p o l i t i c a l  sys tem,  
n a t i o n a l  r e s e a r c h  and t echno logy  s t r a t e g i e s  must  aim a t  a s s u r i n g  
t h e  d e s i r e d  l o n g  r u n  p a t h  o f  t e c h n o l o g i c a l  change i n  a g r i c u l t u r e  
th rough  t h e  i n t r o d u c t i o n  and/or  main tenance  o f  t h e  a p p r o p r i a t e  
p o l i c y  measures .  S i m i l a r l y ,  because  o f  t h e  i n t e rdependence  anong 
c o u n t r i e s  r e g a r d i n g  s c a r c e  r e s o u r c e s ,  environment  and food pro-  
d u c t i o n  and t r a d e  t h e r e  i s  a need for  an  i n t e r n a t i o n a l  s t r a t e g y  
f o r  t h e  o v e r a l l  t e c h n o l o g i c a l  change i n  a g r i c u l t u r e .  
But  t o  e s t a b l i s h  and/or  m a i n t a i n  e f f e c t i v e  s t r a t e g i e s  and 
p o l i c i e s  on  t e c h n o l o g i c a l  change,  a p r i o r i  i n f o r m a t i o n  o n  t h e  
consequences  o f  a l t e r n a t i v e  t e c h n o l o g i c a l  developments  is  essen-  
t i a l .  The d e s i r e d  c h a r a c t e r i s t i c s  o f  new techno logy  must  be  spe- 
c i f i e d  i n  o r d e r  t o  e s t a b l i s h  p r i o r i t i e s  i n  R&D and t o  choose  
among a v a i l a b l e  t e c h n o l o g i c a l  a l t e r n a t i v e s .  L e t  u s ,  t h e r e f o r e ,  
t u r n  t o  a  d i s c u s s i o n  o f  how t h e  r e l e v a n t  a p r i o r i  i n f o r m a t i o n  re- 
g a r d i n g  t h e  consequences  o n . f o o d  p r o d u c t i o n ,  r e s o u r c e  u s e  and 
environment  may b e  o b t a i n e d .  
GENERAL PROCESS FRAMEWORK 
A g e n e r a l  and g r o s s l y  s i m p l i f i e d  p r o c e s s  framework i s  il- 
l u s t r a t e d  i n  F i g u r e  1 .  Decision-making o n  R&D p r i o r i t i e s  and 
a c t i v i t i e s  a r e  i n f l u e n c e d  by a series o f  R & D  demand and supp ly  
f a c t o r s .  The r e s u l t s  o f  RED expec t ed  t o  b e  u s e f u l  f o r  and o f  
i n t e r e s t  t o  t h e  p o t e n t i a l  u s e r  ( t h e  f a rmer  i n  t h e  c a s e  o f  a g r i -  
c u l t u r a l  p r o d u c t i o n  t e chno logy )  a r e  f e d  i n t o  some d i f f u s i o n  mech- 
anism which, i f  s u c c e s s f u l ,  w i l l  l e a d  t o  t echno logy  a d o p t i o n  by 
t h e  a p p r o p r i a t e  f a rmer s  o r  o t h e r  u s e r s .  While d e c i s i o r s r e g a r d i n g  
RED rest w i t h  t h e  e x e c u t i n g  agency - i n  t h e  c a s e  o f  t h e  m a j o r i t y  
o f  a g r i c u l t u r a l  r e s e a r c h  t h i s  is  some government agency - t h e  
d e c i s i o n  t o  adop t  a  g iven  t echno logy  i s  made by t h e  i n d i v i d u a l  
f a rme r  o r ,  i n  t h e  c a s e  o f  c o l l e c t i v e  and s t a t e  fa rms ,  by t h e  body 
r e s p o n s i b l e  f o r  t h e  a d m i n i s t r a t i o n  o f  t h e  p a r t i c u l a r  farm o r  fa rms .  
Adoption o r  non-adoption w i l l  have consequences  f o r  ( 1 ) 
decis ion-makers  on adopt ion/non-adopt ion ( f a rmer s )  , ( 2 )  o t h e r  
g roups  i n  s o c i e t y ,  e - g . ,  consumers and fa rm labor, and ( 3 )  s o c i e t y  
a t  l a r g e ,  e . g . ,  some t y p e s  o f  env i ronmen ta l  impac t s .  The conse-  
quences  w i l l ,  i n  t u r n ,  m o t i v a t e  f a rmer s  t o  make f u r t h e r  a d j u s t -  
ments  i n  t h e  p r o d u c t i o n  p r o c e s s  i n c l u d i n g  p o s s i b l e  changes  i n  
t echno logy  a d o p t i o n .  Fur the rmore ,  i n  cases where t h e  d i f f u s i o n  
mechanism i s  - o r  can b e  - c o n t r o l l e d  by farmers o r  farm g roups ,  
t h e  consequences  may l e a d  t o  changes i n  t h i s  mechanism. F i n a l l y ,  
f a rme r s  may a t t e m p t  t o  i n f l u e n c e  f u t u r e  RED a c t i v i t i e s .  
S i m i l a r l y ,  t h e  consequences  o f  t e c h n o l o g i c a l  change may 
m o t i v a t e  government t o  i n t r o d u c e  p o l i c y  measures  a n d m o d i f y  e x i s t -  
i n g  ones  t q  a d j u s t  c u r r e n t  and f u t u r e  consequences  t o  b e t t e r  
a c h i e v e  s o c i e t y ' s  g o a l s  o r  g o a l s  o f  p a r t i c u l a r  g roups  i n  s o c i e t y .  
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Such p o l i c y  measures  may i n f l u e n c e  any o r  a l l  o f  t h e  e l e m e n t s  i n  
t h e  p r o c e s s .  F o r  example,  government  may i n f l u e n c e  f u t u r e  RQD 
th rough  r e s e a r c h  s u p p l y  and /o r  demand f a c t o r s  ( t h e s e  f a c t o r s  w i l l  
b e  f u r t h e r  d i s c u s s e d  i n  a  s u b s e q u e n t  s e c t i o n ) ,  it may i n f l u e n c e  
t h e  d i f f u s i o n  o r  a d o p t i o n  p r o c e s s e s  o r  it may a l t e r  t h e  conse-  
quences  o f  t e c h n o l o g y  a l r e a d y  adop ted .  The l a t t e r  would have  par-  
t i c u l a r  r e f e r e n c e  t o  measures  aimed a t  c o u n t e r a c t i n g  u n d e s i r a b l e  
e n v i r o n m e n t a l  or  d i s t r i b u t i o n a l  ef fec t s .  
I n  t h e  s u b s e q u e n t  s e c t i o n s ,  e a c h  o f  t h e  e l e m e n t s  ment ioned 
h e r e  and shown i n  F i g u r e  1  w i l l  be d i s c u s s e d  i n  more d e t a i l .  
RED FOR AGRICULTURE 
A l a r g e  m a j o r i t y  o f  a g r i c u l t u r a l  r e s e a r c h  i s  f i n a n c e d  and 
c a r r i e d  o u t  by p u b l i c  i n s t i t u t i o n s .  The ro le  o f  p u b l i c l y  f i n a n c e d  
r e s e a r c h  i n  t h e  o v e r a l l  a g r i c u l t u r a l  r e s e a r c h  e f f o r t  i s  l a r g e s t  
i n  d e v e l o p i n g  c o u n t r i e s  and  s m a l l e s t  i n  Nor th  America. Thus ,  it 
is  e s t i m a t e d  t h a t  o n l y  2.2 p e r c e n t  o f  t o t a l  a g r i c u l t u r a l  r e s e a r c h  
i n  A s i a  i s  c a r r i e d  o u t  by t h e  p r i v a t e  sector.  T h i s  f i g u r e  i n -  
c r e a s e s  t o  2.9  p e r c e n t  f o r  A f r i c a ,  5.1 p e r c e n t  f o r  L a t i n  America, 
10.8 p e r c e n t  f o r  Wes te rn  Europe and 25.4 p e r c e n t  f o r  Nor th  America. 2  
Because  o f  i t s  r e l a t i v e  impor tance  t h i s  d i s c u s s i o n  w i l l  b e  a i r e d  
p r i m a r i l y  a t  p u b l i c  r e s e a r c h .  
The dec i s ion-making  p r o c e s s  i n  p u b l i c l y  funded a g r i c u l t u r a l  
r e s e a r c h  h a s  r e c e i v e d  v e r y  l i t t l e  f o r m a l  r e s e a r c h  a t t e n t i o n .  A s  
a  r e s u l t ,  w h i l e  t h e  work ings  o f  t h e  dec i s ion-making  p r o c e s s  w i t h i n  
any g i v e n  r e s e a r c h  i n s t i t u t i o n  may b e  w e l l  u n d e r s t o o d ,  a  more 
g e n e r a l i z e d  body o f  knowledge o n  t h e  t o p i c  i s  l ack ing .3  The a c t u a l  
workings  o f  t h e  dec i s ion-making  p r o c e s s  i s  h e a v i l y  i n f l u e n c e d  by 
o r g a n i z a t i o n a l  and management s t r u c t u r e s .  These  s t r u c t u r e s  a r e  
somewhat b e t t e r  u n d e r s t o o d ,  a l t h o u g h  t h e  magni tude  o f  f o r m a l  a n a l -  
y t i c a l  work on a g r i c u l t  r a l  r e s e a r c h  o r g a n i z a t i o n  and management 
i s  a l s o  r a t h e r  l i m i t e d .  41 
James K.  Boyce a n 8  Rober t  E .  Evenson. A g r i c u l t u r a l  Resea rch  
and E x t e n s i o n  P r o g r a m .  ADC, Yew York, 1975. 
I l l u s t r z t i o n s  o f  some a s p e c t s  o f  t h e  dec i s ion-making  p r o c e s s  i n  
s e l e c t e d  a g r i c u l t u r a l  r e s e a r c h  i n s t i t u t i o n s  i n    at in America 
a r e  p r e s e n t e d  i n :  P e r  Pins t rup-Andersen  and F.C. Byrnes  ( e d s . ) ,  
l le thods  f o r  A l l o c a t i n g  ResQurces  i n  Appl ied  A g r i c u l t u r a l  Re-  
s e a r c h  i n  L a t i n  FMerica. S e r i e s  CE- 11 , C I A T ,  C a l i ,  Colombia,  
??ovember, 1975. Recent  i n n o v a t i o n s  a n d  s u g g e s t i o n s  f o r  improve- 
ments  i n  t h e  dec i s ion-making  p r o c e s s  a r e  d i s c u s s e d  i n :  C .  Richard  
Shumway, lrlodels a n d  Yethods Used t o  A l l o c a t e  Resources  i n  A g r i -  
c u l t u r a l  P-esearch: A C r i t i c a l  Review and P e r  P ins t rup-Andersen  
and David F r a n k l i n ,  A Systems Approach t o  A g r i c u l t u r a l  Research  
Resource A l l o c a t i o n  i n  Developing C o u n t r i e s .  Both a r e  pub- 
l i s h e d  i n :  Thomas M. Arndt  e t  a l ,  Resource A l l o c a t i o n  and Pro- 
d u c t i v i t y  i n  N a t i o n a l  and ~ n t e r n a t i o n a l '  A g r i c u l t u r a l  Resea rch  . 
U n i v e r s i t y  o f  Minnesota  Press,  M i n n e a p o l i s ,  1977. 
~ ~ r i c u l t u r a l  r e s e a r c h  o r g a n i z a t i o n  i s  t r e a t e d  i n :  I.  A r n m ,  
O r g a n i z a t i o n  and A d m i n i s t r a t i o n  o f  A g r i c u l t u r a l  Research.  
E l s e v i e r  P u b l i s h i n g  Co~.pany,  L t d . ,  Amsterdam, 1 9 6 8 . .  
T h i s  s e c t i o n  w i l l  f o c u s  on a  d i s c u s s i o n  o f  t h e  f a c t o r s  i n -  
f l u e n c i n g  t h e  c o n t e n t  o f  t h e  r e s e a r c h  e f f o r t  a n d ,  t h u s ,  t h e  t y p e  
o f  t e c h n o l o g y  a t t e m p t e d  t o  b e  a c h i e v e d .  While  t h e  d e c i s i o n -  
making p r o c e s s  a s  w e l l  a s  r e s e a r c h  o r g a n i z a t i o n  and management a r e  
i m p o r t a n t  i n  t h a t  r e s p e c t ,  no a t t e m p t  w i l l  b e  made t o  make an  i n -  
d e p t h  a n a l y s i s  o f  t h e s e  m a t t e r s .  
F a c t o r s  i n f l u e n c i n g  t h e  c o n t e n t  o f  t h e  RED e f f o r t  may b e  
d i v i d e d  i n t o  two h i g h l y  r e l a t e d  g roups :  r e s e a r c h  s u p p l y  and re- 
s e a r c h  demand f a c t o r s .  The i n t e r a c t i o n  o f  t h e s e  f a c t o r s  and t h e  
dec i s ion-making ,  o r g a n i z a t i o n a l ;  and management s t r u c t u r e s  may b e  
e x p e c t e d  t o  l e a d  t o , t h e  e s t a b l i s h m e n t  o f  a r e s e a r c h  s t r a t e g y  i n -  
c l u d i n g  a  set  o f  i n , t e r m e i j i a t e  and f i n a l  g o a l s ,  a l t h o u g h  n e i t h e r  
s t r a t e g y  n o r  g o a l s  may be  e x p l i c i t l y  s t a t e d  i n  t h e  i n d i v i d u a l  
c a s e  ( F i g u r e  2 ) .  
Research  Supply  F a c t o r s  
F i v e  r e s e a r c h  s u p p l y  f a c t o r s  have  been  i d e n t i f i e d  f o r  t h i s  
d i s c u s s i o n .  F i r s t ,  t h e  p r o f e s s i o n a l  i n t e r e s t s  o f  t h e  r e s e a r c h e r s  
and r e s e a r c h  managers a r e  l i k e l y  t o  e x e r c i s e  g r e a t  i n f l u e n c e  on 
t h e  R E D  c o n t e n t .  Second ly ,  t h e  r e s e a r c h  c a p a c i t y ,  i . e .  , a v a i l a b l e  
f i n a n c i a l ,  p h y s i c a l  and  human r e s o u r c e s ,  p r o v i d e s  t h e  framework 
w i t h i n  which RED must  b e  c a r r i e d  o u t .  T h i r d l y ,  t h e  e x i s t i n g  body 
o f  knowledge, t h e  " s t a t e  o f  t h e  a r t " ,  a n d  r e c e n t  d i r e c t i o n s  i n  
R&D w i l l  i n f l u e n c e  t h e  t y p e  o f  R & D  t o  b e  c a r r i e d  o u t .  These  f a c -  
t o r s  may b e  c l o s e l y  r e l a t e d  t o  p r o f e s s i o n a l  i n t e r e s t s  o f  re- 
s e a r c h e r s .  A f o u r t h  f a c t o r  i n f l u e n c i n g  R E D  a t  any p o i n t  i n  t i m e  
i s  t h e  i n e r t i a  i n  r e s e a r c h  p l a n n i n g  and e x e c u t i o n .  C o n t i n u a t i o n  
o f  on-going RED a c t i v i t i e s ,  t a s k s  and programs w i t h  v e r y  l i t t l e  
o r  no changes  o r  a d j u s t m e n t s  t a k i n g  p l a c e  i s  v e r y  t y p i c a l  f o r  a  
number o f  p u b l i c  a g r i c u l t u r a l  r e s e a r c h  i n s t i t u t i o n s .  Immediate  
r e s e a r c h  g o a l s  a r e  vague ly  s p e c i f i e d  and  e f f e c t i v e  mechanisms f o r  
t e r m i n a t i n g  o r  d r a s t i c a l l y  chang ing  i n d i v i d u a l  r e s e a r c h  t a s k s  and 
programs i n c l u d i n g  p e r i o d i c  r e v i e w s  o f  p r o g r e s s  a r e  f r e q u e n t l y  
a b s e n t .  Changes i n  o v e r a l l  r e s o u r c e  a v a i l a b i l i t y ,  e . g . ,  b u d g e t  
c u t s  o r  i n c r e a s e s ,  a r e  f r e q u e n t l y  d i s t r i b u t e d  a c r o s s  e x i s t i n g  
a c t i v i t i e s  more o r  less i n  p r o p o r t i o n  t o  c u r r e n t  r e s o u r c e  u s e ,  
e . g . ,  a n  x  p e r c e n t  c u t  i n  a l l  program o r  t a s k  b u d g e t s .  Where s u c h  
i n e r t i a  i s  s t r o n g  it may e f f e c t i v e l y  p r o h i b i t  o t h e r  s u p p l y  and  
demand f a c t o r s  from h a v i n g  t h e i r  p r o p e r  i n f l u e n c e .  The i n e r t i a  
problem i s  most pronounced i n  w e l l  e s t a b l i s h e d  i n s t i t u t i o n s  w i t h  
a  s m a l l  s t a f f  t u r n o v e r  and o n l y  m a r g i n a l  r e s o u r c e  changes  o v e r  t i m e .  
New r e s e a r c h  programs and t a s k s  and m a j o r  changes  i n  e x i s t i n g  o n e s ,  
w i l l  come a b o u t  p r i m a r i l y  t h r o u g h  t h e  g r a n t i n g  o f  a d d i t i o n a l ,  ear- 
marked r e s o u r c e s  i n t o  e x i s t i n g  i n s t i t u t i o n s  o r  t h e  c r e a t i o n  o f  new 
ones .  Replacement o f  e x i s t i n g  r e s e a r c h  i n s t i t u t i o n s  ( f r e q u e n t l y  
a  d e p a r t m e n t  o f  t h e  m i n i s t r y  o f  a g r i c u l t u r e )  w i t h  new s e m i -  
autonomous i n s t i t u t e s  h a s  been done i n  a  number o f  d e v e l o p i n g  
c o u n t r i e s  d u r i n g  r e c e n t  y e a r s .  While  t h e  o v e r a l l  p u r p o s e  o f  s u c h  
o r g a n i z a t i o n a l  change h a s  been  t o  o b t a i n  a  more f l e x i b l e  and e f -  
f e c t i v e  r e s e a r c h  env i ronment  it h a s  p r e s e n t e d  t h e  o p p o r t u n i t y  f o r  
major  r e v i s i o n s  i n  r e s e a r c h  g o a l s ,  s t r a t e g i e s  and a c t i v i t i e s  which 
might  have  been p r o h i b i t e d  by i n e r t i a  i n  t h e  o l d  s t r u c t u r e .  Whether  
t h e  new i n s t i t u t e s ,  o n e s  e s t a b l i s h e d ,  w i l l  s u f f e r  less from i n e r t i a  
remains  t o  b e  s e e n .  
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The f i f t h  s u p p l y  f a c t o r  i n f l u e n c i n g  R E D  is  t h e  o n g o i n g  re- 
s e a r c h  o u t s i d e  t h e  i n d i v i d u a l  i n s t i t u t i o n  and t h e  a v a i l a b i l i t y  
o f  r e s e a r c h  r e s u l t s  a n d  t e c h n o l o g y  from o t h e r  i n s t i t u t i o n s  ex- 
p e c t e d  t o  b e  u s e f u l  e i t h e r  f o r  f u r t h e r  r e s e a r c h  o r  f o r  t e s t i n g  
and d i f f u s i o n .  One i m p o r t a n t  a s p e c t  h e r e  i s  t h e  i n f l u e n c e  o f  t h e  
i n t e r n a t i o n a l  a g r i c u l t u r a l  r e s e a r c h  i n s t i t u t e  ne twork  o n  n a t i o n a l  
RED. A c o n s i d e r a b l e  amount o f  t h e  r e s e a r c h  r e s u l t s  o f  t h e s e  
i n s t i t u t e s  may be viewed as  " i n t e r n - e d i a t e  p r o d u c t s "  r e q u i r i n g  
f u r t h e r  r e s e a r c h  a t  t h e  n a t i o n a l  and l o c a l  l e v e l  b e f o r e  becoming 
u s e f u l  t o  a g r i c u l t u r e .  The c o n t i n u i n g  development  o f  s u c h  i n t e r -  
m e d i a t e  p r o d u c t s  t o g e t h e r  w i t h  a n  e x c e l l e n t  c o ~ ~ , u n i c a t i o n  ne twork  
between i n t e r n a t i o n a l  and n a t i o n a l  i n s t i t u t i o n s  i n c l u d i n g  s e m i n a r s ,  
t r a i n i n g  programs,  e t c . ,  p l a y s  a n  i n c r e a s i n g  r o l e  i n  t h e  formula-  
t i o n  o f  n a t i o n a l  RED.  Demonst ra ted  s u c c e s s  i n  i n t e r n a t i o n a l  re- 
s e a r c h  s u p p o r t e d  by t h e  a p p r o p r i a t e  n a t i o n a l  a c t i v i t i e s  f o r  whea t  
and r ice ,  t h e  s o - c a l l e d  "Green R e v o l u t i o n " ,  h a s  i n c r e a s e d  t h e  power 
o f  i n t e r n a t i o n a l  i n s t i t u t e s  t o  i n f l u e n c e  n a t i o n a l  r e s e a r c h  a c t i v i -  
t ies  i n  d e v e l o p i n g  c o u n t r i e s .  
Resea rch  Demand F a c t o r s  
A s  ear l ier  m e n t i o n e d ,  r e l a t i v e  r e s o u r c e  and  o u t p u t  p r i c e s  
may have  c o n s i d e r a b l e  impac t  o n  t h e  d i r e c t i o n  o f  t e c h n o l o g i c a l  
change  t h r o u g h  t h e i r  i n f l u e n c e  on RED. The t h e o r y  o f  i n d u c e d  
i n n o v a t i o n  advances  t h e  h y p o t h e s i s  t h a t  t h e  d i r e c t i o n  o f  t echno-  
l o g i c a l  change  and t h e  s u p p o r t i n g  RED t e n d  t o  b e  h e a v i l y  i n f l u e n c e d  
by r e l a t i v e  r e s o u r c e  endowment and p r i c e s . 5  Thus,  i n  s o c i e t i e s  
w i t h  r e l a t i v e l y  ample s u p p l y  o f  l a b o r  b u t  s e v e r e  l a n d  s c a r c i t y ,  
RED w i l l  f o c u s  on  t h e  development  o f  l a b o r - u s i n g ,  l a n d - s a v i n g  
t e c h n o l o g y .  S i m i l a r l y ,  changes  i n  r e l a t i v e  r e s o u r c e  p r i c e s ,  
e . g .  , i n c r e a s i n g  e n e r g y  p r i c e s  r e l a t i v e  t o  t h e  p r i c e  o f  o t h e r  
r e s o u r c e s ,  would t e n d  t o  a d j u s t  RED a c c o r d i n g l y .  The p r o p o n e n t s  
of  t h e  induced  i n n o v a t i o n  t h e o r y  d o  n o t  claim t h a t  r e l a t i v e  re- 
s o u r c e  and  o u t p u t  p r i c e s  are t h e  s o l e  d e t e r m i n i n g  f a c t o r  i n  t h e  
d i r e c t i o n  o f  a g r i c u l t u r a l  R and  D ,  o n l y  tha t  t h e y  p l a y  a n  i m -  
p o r t a n t  r o l e .  The l i m i t a t i o n s  o f  t h e  a b i l i t y  o f  m a r k e t  f o r c e s  
t o  g u i d e  t h e  t e c h n o l o g i c a l  change  p a t h  were m e n t i o n e d  'earlier 
and w i l l  n o t  be r e p e a t e d .  The i m p o r t a n t  i s s u e  h e r e  is  t h a t ,  t o  
t h e  e x t e n t  t h a t  r e l a t i v e  r e s o u r c e  endowment a n d  p r i c e s  a s  w e l l  
as o u t p u t  p r i c e s  a r e  a f f e c t e d  by t e c h n o l o g i c a l  change  a n d  i n  
t u r n  a f f e c t  f u t u r e  R and D ,  t h e y  are t o  b e  c o n s i d e r e d  endogenous 
t o  t h e  p r o c e s s .  F u r t h e r m o r e ,  r e l a t i v e  i n p u t  and  o u t p u t  p r i c e s  
are o f t e n  m a n i p u l a t e d  by governments .  The e f f e c t s  of s u c h  
m a n i p u l a t i o n s  on  f u t u r e  R and D a s  w e l l  a s  t h e  o p p o r t u n i t i e s  
. 
t h e y  o f f e r  t o  o b t a i n  t h e  d e s i r e d  l o n g  r u n  t e c h n o l o g i c a l  change  
s h o u l d  n o t  be  o v e r l o o k e d  i n  a n a l y s e s  of a g r i c u l t u r a l  t e c h n o l o g i c a l  
change  .. 
S e e  Hans P.  Binswanger  and Vernon R u t t a n ,  Induced  I n n o v a t i o n :  
Technology,  I n s t i t u t i o n s ,  and  Development. J o h n s  Hopkins 
U n i v e r s i t y  P r e s s ,  B a l t i m o r e  1 9 7 8  and Y u j i r o  Hayami and Vernon 
R u t t a n ,  A g r i c u l t u r a l  Development: An I n t e r n a t i o n a l  P e r s p e c t i v e .  
. . 
J o h n s  Hopkins U n i v e r s i t y  Press, B a l t i m o r e  1972,  f o r  a comprehen- 
s i v e  t r e a t m e n t  o f  i n d u c e d  i n n o v a t i o n  i n  a g r i c u l t u r e .  
AS mentioned e a r l i e r ,  t h e  m a j o r i t y  o f  a g r i c u l t u r a l  r e s e a r c h  
is f inanced  by p u b l i c  funds .  The pr imary r ea son  why t h e  p r i v a t e  
s e c t o r  does n o t  e n t e r  i n t o  t h e s e  r e s e a r c h  a c t i v i t i e s  t o  a  g r e a t e r  
e x t e n t  i s  t h a t  t h e  r e s e a r c h  e x e c u t i n g  f i r m  may b e  unab le  t o  cap- 
t u r e  a  s u f f i c i e n t l y  l a r g e  p r o p o r t i o n  o f  t h e  economic g a i n s  asso-  
c i a t e d  w i t h  t h e  r e s e a r c h '  r e s u l t s  t o  make a  r e s e a r c h  unde r t ak ing  
p r o f i t a b l e .  T h i s ,  o f  c o u r s e ,  i s  a  w e l l  known problem i n  c a s e s  
where t h e  u se  o f  r e s e a r c h  r e s u l t s  cannot  b e  p r o t e c t e d  o r  c o n t r o l l e d  
by t h e  r e s e a r c h  agency. However, such r e s e a r c h  r a y  be h i g h l y  pro- 
f i t a b l e  f o r  s o c i e t y  as a whole. Thus, p u b l i c  inves tment  may be 
j u s t i f i e d .  The d i s t r i b u t i o n  o f  economic b e n e f i t s  from p u b l i c l y  
funded a g r i c u l t u r a l  r e s e a r c h  among groups  i n  s o c i e t y  w i l l  depend 
on t h e  p a r t i c u l a r  RED g o a l s ,  s t r a t e g i e s  and a c t i v i t i e s .  Thus, 
v a r i o u s  groups i n  s o c i e t y  w i l l  a t t e m p t  t o  i n f l u e n c e  t h e  R&D e f -  
f o r t s  i n  o r d e r  t o  o b t a i n  as l a r g e  a  s h a r e  as p o s s i b l e  o f  t h e s e  
b e n e f i t s .  Such i n f l u e n c e  may come about  i n  d i f f e r e n t  ways depend- 
i n g  on the o r g a n i z a t i o n a l  s t r u c t u r e  o f  t h e  RLD decis ion-making 
body and t h e  v a r i o u s  p r e s s u r e  o r  i n t e r e s t  g roups .  I n t e r e s t  groups  
from t h e  p roducer ,  consumer and marke t ing  s e c t o r s  a r e  l i k e l y  t o  
be  a c t i v e l y  t r y i n g  t o  i n f l u e n c e  a g r i c u l t u r a l  RED ( F i g u r e  2 ) .  Con- 
s i d e r a b l e  c o n f l i c t  o f  i n t e r e s t  may e x i s t  among t h e  t h r e e  s e c t o r s  
and even among p r e s s u r e  groups  w i t h i n  a given  s e c t o r ,  e . g . ,  sma l l  
and l a r g e  farmers, f a rmer s  i n  one  r e g i o n  vs.  a n o t h e r ,  and among 
o r g a n i z a t i o n s  r e p r e s e n t i n g  p roduce r s  o f  d i f f e r e n t  commodit ies.  
I n  some c o u n t r i e s ,  no t ab ly  t h e  Uni ted S t a t e s ,  it a p p e a r s  t h a t  
t k e  food p r o c e s s i n g  f i r m s  have had a  v e r y  l a r g e  impact  on a g r i -  
c u l t u r a l  RED. I n  o t h e r  c o u n t r i e s ,  p a r t i c u l a r l y  some market  o r i -  
e n t e d  deve lop ing  c o u n t r i e s ,  l a r g e r  f a rmer s  seem t o  have had con- 
s i d e r a b l e  a c c e s s  t o  t h e  decis ion-making on R&D whi l e  f a rmer s  w i t h  
s m a l l e r  l a n d  h o l d i n g s  have n o t .  I n  some c o u n t r i e s ,  a g r i c u l t u r a l  
RLD is  h e a v i l y  i n f l u e n c e d  by t h e  d e s i r e s  o f  f a r m e r s ,  e . g . ,  Denmark, 
w h i l e  i n  o t h e r s ,  t h e  con-munication from t h e  farm s e c t o r  t o  a g r i -  
c u l t u r a l  r e s e a r c h  i n s t i t u t i o n s  i s  v i r t u a l l y  non -ex i s t en t .  I n  
g e n e r a l ,  consumers s e e m  t o  have had very  l i t t l e  d i r e c t  impact  on 
a g r i c u l t u r a l  RLD a l though  i n  most cases t h e y  have been t h e  major 
b e n e f i c i a r i e s .  Of c o u r s e ,  consumers e x e r c i s e  a  c o n s i d e r a b l e  i n -  
f l u e n c e  through t h e i r  demand behavior: F i n a l l y ,  it should  be  
mentioned t h a t ,  wh i l e  s u p p l i e r s  o f  c a p i t a l  i n p u t s ,  e . g . ,  f e r t i l i z e r s ,  
p e s t i c i d e s ,  e tc . ,  e x e r c i s e  some i n f l u e n c e  on p u b l i c l y  funded R E D ,  
t h e  r u r a l  l a b o r  f o r c e  seems t o  have had a b s o l u t e l y  no d i r e c t  impact  
i n  s p i t e  o f  t h e  f a c t  t h a t  a l t e r n a t i v e  t e c h n o l o g i c a l  change may 
have very  d i f f e r e n t  e f f e c t s  on enployment and wages. 
The above mentioned group p r e s s u r e s  may b e  brought  t o  b e a r  
on  RED e i t h e r  d i r e c t l y  o r  through some government p o l i c y  measures.  
A series o f  o t h e r  p o l i c y  measures may i n f l u e n c e  a g r i c u l t u r a l  RED. 
Some o f  t h e s e  may be  d i r e c t l y  focused  on RLD whi l e  o t h e r s  may 
focus  on d i f f e r e n t  m a t t e r s  b u t  w i t h  a  s t r o n g  e f f e c t  on RQD. The 
means a v a i l a b l e  t o  government t o  i n f l u e n c e  a g r i c u l t u r a l  RQD 
d i r e c t l y  o r  i n d i r e c t l y  are many and v a r i e d  and cannot  b e  thoroughly  
d i s c u s s e d  h e r e .  I t  shou ld  be p o i n t e d  o u t ,  however, t h a t  f a i l u r e  
t o  t a k e  i n t o  account  t h e  r e l e v a n t  p o l i c y  measures - whether  e x i s t -  
i n g  o r  l i k e l y  f u t u r e  measures - i n  a n a l y s e s  o f  t e c h n o l o g i c a l  change 
i n  a g r i c u l t u r e  may g r e a t l y  reduce t h e  v a l i d i t y  o f  t h e  r e s u l t s .  
TECHNOLOGY ADOPTION 
The t e r m  a d o p t i o n ,  a s  used  i n  t h i s  n o t e ,  r e f e r s  t o  t h e  a c t  
o f  i n c o r p o r a t i n g  someth ing  i n t o  t h e  p r o d u c t i o n  p r o c e s s .  Adoption 
o f  a  new t e c h n o l o g y  o r  a  t e c h n o l o g y  n o t  p r e v i o u s l y  used  i n  t h e  
p r o d u c t i o n  p r o c e s s  i m p l i e s  " t e c h n o l o g i c a l  change".  The t echno log-  
i c a l  s t a t e  o f  any g i v e n  p r o d u c t i o n  p r o c e s s  is  a  d e s c r i p t i o n  of  t h e  
q u a l i t a t i v e  ( n o t  q u a n t i t a t i v e )  c o m p o s i t i o n  and combina t ion  o f  i n -  
p u t s  and t e c h n o l o g i e s  t h a t  e x i s t  a t  a  g i v e n  t ime .  Thus ,  techno-  
l o g i c a l  change d e s c r i b e s  a  movement from one  t e c h n o l o g i c a l  s t a t e  
t o  a n o t h e r .  Adoption o f  t e c h n o l o g y  must b e  p receded  by t e c h n o l o g y  
d i f f u s i o n  where t h e  l a t t e r  t e r m  r e f e r s  t o  t h e  act  o f  making t e c h -  
nology a v a i l a b l e  t o  p o t e n t i a l  a d o p t e r s .  D i f f u s i o n ,  t h e n ,  is t h e  
l i n k  between R&D a n d  a d o p t i o n .  Thus,  e f f e c t i v e  d i f f u s i o n  is  a n  
e s s e n t i a l  b u t  n o t  s u f f i c i e n t  c o n d i t i o n  f o r  a d o p t i o n .  Dec i s ion-  
makers  on t e c h n o l o g y  a d o p t i o n  must b e  made aware o f  a v a i l a b l e  
t e c h n o l o g y  and  t h e y  must b e l i e v e  t h a t  a d o p t i o n  w i l l  b e  i n  t h e i r  
best i n t e r e s t .  On t h e  b a s i s  o f  t h e  consequences  o f  a d o p t i n g  a  
c e r t a i n  t e c h n o l o g y ,  t h e  e x p e c t e d  b e n e f i t s  from c o n t i n u i n g ,  modify- 
i n g  o r  d i s c o n t i n u i n g  i t s  u s e  w i l l  b e  a s s e s s e d .  Fur the rmore ,  t h e  
consequences  o f  a d o p t i n g  a  c e r t a i n  t e c h n o l o g y  among some f a r m e r s  
may c r e a t e  awareness  o f  i t s  e x i s t e n c e  and  p o t e n t i a l  b e n e f i t s  among 
o t h e r s .  T h i s  somewhat s i m p l i s t i c  overv iew o f  t h e  a d o p t i o n  p r o c e s s  
i s  i l l u s t r a t e d  i n  F i g u r e  3. 
F i g u r e  4 p r e s e n t s  a  more d e t a i l e d  s c h e m a t i c  i l l u s t r a t i o n  o f  
t h e  farm l e v e l  d e c i s i o n  p r o c e s s  r e l a t e d  t o  a d o p t i o n  and u s e  o f  
new t e c h n o l o g y .  Each o f  t h e  e l e m e n t s  i n  F i g u r e  4 w i l l  b e  b r i e f l y  
d i s c u s s e d  i n  t h e  f o l l o w i n g .  When a p p r o p r i a t e ,  a  s h o r t  summary o f  
e m p i r i c a l  f i n d i n g s  r e l a t e d  t o  t h e  i n d i v i d u a l  e l e m e n t  w i l l  b e  pro-  
v i d e d .  I s s u e s  r e l a t e d  t o  a  p o s s i b l e  model ing  and  q u a n t i f i c a t i o n  
o f  t h e  r e l a t i o n s h i p s  w i l l  a l s o  b e  d i s c u s s e d .  
The p o i n t  o f  d e p a r t u r e  i s  a n  e x t e r n a l l y  induced  d i f f u s i o n  o f  
i n f o r m a t i o n  and m a t e r i a l s  which t o g e t h e r  form t e c h n o l o g y  T I .  The 
d i f f u s i o n  e f f o r t  w i l l  make a  c e r t a i n  p r o p o r t i o n  o f  t h e  f a r m e r s  
aware o f  t h e  t e c h n o l o g y  and  f a c i l i t a t e  a c c e s s  t o  it. I d e a l l y ,  
f a r m e r s  becoming aware o f  a new t e c h n o l o g y  w i l l  a l s o  have  a c c e s s  
t o  it. T h i s  is n o t  a lways  t h e  c a s e .  A l a r g e  number o f  c a s e s  c o u l d  
b e  c i t e d  i n  which f a r m e r s  w e r e  made aware o f  f e r t i l i z e r s ,  p e s t i -  
c i d e s ,  improved s e e d s ,  e t c . ,  b u t  w i t h o u t  h a v i n g  a c c e s s  t o  t h e s e  
t e c h n o l o g i e s  a t  t h e  t i m e  and p l a c e  needed.  
Having become aware  o f  t h e  e x i s t e n c e  and a c c e s s i b i l i t y  o f  a  
c e r t a i n  t e c h n o l o g y ,  t h e  f a r m e r ' s  a d o p t i o n  d e c i s i o n  w i l l  depend on 
c o n s i d e r a t i o n s  r e g a r d i n g  a t  l e a s t  f o u r  q u e s t i o n s :  ( 1 )  Is t h e  t e c h -  
nology p e r c e i v e d  t o  b e  s u i t a b l e  f o r  t h e  p a r t i c u l a r  p h y s i c a l  e n v i r o n -  
ment and c l i m a t i c a l  c o n d i t i o n s  w i t h i n  which t h e  f a r m e r  o p e r a t e s ?  
( 2 )  Is a d o p t i o n  p e r c e i v e d  t o  add t o  t h e  f a r m e r ' s  n e t  e c o n o n i c  re- 
t u r n s ?  ( 3 )  Is a d o p t i o n  p e r c e i v e d  t o  c o n t r i b u t e  t o  t h e  achievement  
o f  o t h e r  g o a l s  m a i n t a i n e d  by t h e  f a r m e r  a n d  w i l l  a d o p t i o n  have  
n e g a t i v e  e f f e c t s  on some o f  t h e s e  g o a l s ?  and ( 4 )  A r e  t h e r e  any 
f a c t o r s  t h a t  p r o h i b i t  o r  makes it d i f f i c u l t  t o  a d o p t  o r  o b t a i n  t h e  
p e r c e i v e d  b e n e f i t s  from a d o p t i o n ?  L e t  u s  t a k e  a  c l o s e r  look  a t  
e a c h  o f  t h e s e  f o u r  q u e s t i o n s .  
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Figure 3. Schematic overview of adoption process in agriculture. 

A cons ide rab le  p ropor t ion  of  a g r i c u l t u r a l  technology i s  com- 
modity s p e c i f i c .  Examples a r e  improved crop  v a r i e t i e s  and animal 
breeding  s tock .  Such technology would, o f  cour se ,  only be  rele- 
vant  f o r  producers  of t h e  p a r t i c u l a r  commodity. Furthermore,  t h e  
p o t e n t i a l  b e n e f i t s  from a g r i c u l t u r a l  technology may be ob ta ined  
only  w i t h i n  c e r t a i n  p h y s i c a l  environments and/or under c e r t a i n  
c l i m a t i c  c o n d i t i o n s .  There has  been a tendency t o  develop a g r i -  
c u l t u r a l  technology p r i m a r i l y  f o r  s i t u a t i o n s  of op t imal  phys ica l  
and c l i m a t i c  c o n d i t i o n s .  Such technology may b e  poorly  s u i t e d  o r  
completely unsu i t ed  f o r  farmers  n o t  c o n t r o l l i n g  such cond i t ions .  
A l a r g e  m a j o r i t y  o f  t h e  w o r l d ' s  a g r i c u l t u r a l  r e sea rch  and exper i -  
ment s t a t i o n s  a r e  l o c a t e d  on very good s o i l .  I f  c l i m a t i c  condi- 
t i o n s  a r e  n o t  op t ima l  a t  t h e s e  si tes ,  cons ide rab le  e f f o r t s  a r e  made 
t o  approach o p t i m a l i t y ,  p a r t i c u l a r l y  w i t h  r ega rd  t o  water  a v a i l -  
a b i l i t y .  S o i l  f e r t i l i t y  is  maintained a t  c l o s e  t o  opt imal  l e v e l s  
( u n l e s s ,  o f  cour se ,  s o i l  f e r t i l i t y  f a c t o r s  a r e  be ing  s t u d i e d )  and 
adverse  c rop  o r  animal cond i t ions  such a s  d i s e a s e s ,  p e s t s ,  weeds, 
etc. ,  a r e  be ing  e l i m i n a t e d  o r  c o n t r o l l e d  by means of chemical  and 
o t h e r  measures. These a r e  t h e  p l a c e s  where a cons ide rab le  propor- 
t i o n  of new o r  moaif ied a g r i c u l t u r a l  technology i s  being  developed 
and t e s t e d .  I n  a l l  f a i r n e s s ,  i t  should b e  noted t h a t  t h e r e  a r e  
except ions  t o  t h e  above. Some a g r i c u l t u r a l  r e sea rch  is  now be ing  
c a r r i e d  o u t  under more r e a l i s t i c  farming c o n d i t i o n s  and l o c a l  test-  
i ng  under a c t u a l  farming c o n d i t i o n s  i s  becoming more common. The 
p r i n c i p a l  p o i n t  t o  be made h e r e ,  however, i s  t h a t  a l a r g e  p a r t  of 
a v a i l a b l e  modern a g r i c u l t u r a l  technology i s  s u i t e d  f o r  on ly  narrow 
e c o l o g i c a l  environments.  
I£ a farmer p e r c e i v e s  t h a t  a g iven  technology is  s u i t e d  f o r  
t h e  environment he c o n t r o l s ,  h i s  next  q u e s t i o n  i s  whether and t o  
what e x t e n t  i t s  adopt ion  would be p r o f i t a b l e .  I n  e s t i m a t i n g  t h e  
p r o f i t a b i l i t y ,  t h e  farmer  w i l l  t a k e  i n t o  account  n o t  on ly  t h e  
change i n  c o s t s  and r e t u r n s  r ega rd ing  t h e  p a r t i c u l a r  technology 
t o  be cons idered  b u t  a l s o  t h e  e f f e c t  on c o s t s  and r e t u r n s  
from corresponding ad jus tments  i n  o t h e r  farm a c t i v i t i e s .  The 
thoroughness o f  t h e  economic a n a l y s i s  would vary among types  and 
s i z e s  of farms and, a t  l e a s t  among s m a l l e r  f a rmers ,  exper ience-  
based guesses  a r e  probably more common (and they may g i v e  more 
r e a l i s t i c  r e s u l t s ! )  t han  more s t r u c t u r e d  e s t i m a t e s .  The p r o f i t -  ' 
a b i l i t y  i s  c l o s e l y  l i n k e d  t o  the '  above s u i t a b i l i t y  of technology . 
f o r  t h e  p a r t i c u l a r  environment. Because a g r i c u l t u r a l  technology . 
may n o t  have been t e s t e d  under c o n d i t i o n s  r e l e v a n t  f o r  a g iven  
farmer ,  any i n d i c a t i o n s  o f  p r o f i t a b i l i t y  implied i n  t h e  recommenda- 
t i o n s  from t h e  d i f f u s i o n  agency may b e  g r o s s l y  misleading f o r  t h e  
i n d i v i d u a l  farmer.  Rel iance  on such recommendations have r e s u l t e d  
i n  g r e a t  l o s s e s  t o  adop te r s .  One s i n g l e  set  of  f e r t i l i z e r  recom- 
mendations f o r  a reg ion  w i t h  g r e a t  v a r i a t i o n  i n  s o i l  t ype  and 
f e r t i l i t y  i s  b u t  one of a l a r g e  number of examples of  t h i s  type  of  
th ing .  
While perce ived  i n c r e a s e  i n  n e t  r e t u r n s  may be necessary  f o r  
t h e  adopt ion of new technology,  i t  may n o t  be  s u f f i c i e n t . 6  The 
. . 
- 
Perceived i n c r e a s e  i n  n e t  r e t u r n s  is not always necessary f o r  
technology adopt ion.  Some farmers  may adopt technology which 
is  perce ived  t o  c o n t r i b u t e  t o  o t h e r  g o a l s ,  e . g . ,  income s t a b i l i t y ,  
even though n e t  incomes a r e  n o t  expected t o  inc rease .  
a n t i c i p a t e d  impac t  ( p o s i t i v e  o r  n e g a t i v e )  on  t h e  ach ievement  o f  
o t h e r  g o a l s  may b e  o f  g r e a t  impor tance .  P a r t i c u l a r l y  among low 
income f a r m e r s ,  g o a l s  such  as income s t a b i l i t y  ( r e d u c e d  r i s k  and 
u n c e r t a i n t y ) ,  a s s u r a n c e  o f  a  d e s i r e d  mix and s u f f i c i e n t  q u a n t i t y  
o f  commodit ies  f o r  home consumption and r e a s o n a b l e  f a m i l y  work 
l o a d s  are common and may g r e a t l y  af fec t  a d o p t i o n  d e c i s i o n s .  Thus ,  
f a i l u r e  t o  c o n s i d e r  farm l e v e l  g o a l s  o t h e r  t h a n  p r o f i t a b i l i t y  i n  
e x  a n t e  a n a l y s e s  o f  t e c h n o l o g y  a d o p t i o n  may r e s u l t  i n  e r r o n e o u s  
estimates o f  t h e  e x p e c t e d  a d o p t i o n  rates.  The i n t e r a c t i o n  between 
t e c h n o l o g y  c h a r a c t e r i s t i c s  and  farm l e v e l  g o a l s  s h o u l d  b e  c o n s i d e r e d  
i n  any such  a n a l y s e s .  
The i n f l u e n c e  o f  r i s k  and u n c e r t a i n t y  o n  t e c h n o l o g y  a d o p t i o n  
h a s  been s t u d i e d  t o  a g r e a t  e x t e n t  and v a r i o u s  models have  been  
deve loped  f o r  f a r m e r s '  r i s k  b e h a v i o r .  Much less h a s  been  done on 
t h e  o t h e r  g o a l s .  
The i s s u e s  t r e a t e d  h e r e  are i n t e g r a l  p a r t s  o f  t h e  t o t a l  
farm-household d e c i s i o n  p r o c e s s  r e g a r d i n g  p r o d u c t i o n ,  consumpt ion,  
t i m e  a l l o c a t i o n ,  and o t h e r  farm-family  matters. While t r a d i t i o n a l  
economic a n a l y s i s  t e n d s  t o  look  a t  p r o d u c t i o n ,  consumption and t i m e  
a l l o c a t i o n  a s  s e p a r a t e  sets o f  a c t i v i t i e s ,  r e c e n t  m e t h o d o l o g i c a l  
and e m p i r i c a l  work on t h e  s o - c a l l e d  "househo ld  economics" have  been 
s u c c e s s f u l  i n  p r o v i d i n g  a d d i t i o n a l  i n s i g h t s  i n t o  t h e  i n t e r r e l a t i o n -  
s h i p s  among t h e s e  and  o t h e r  sets o f  a c t i v i t i e s  and g o a l s .  Ignor -  
i n g  t h i s  approach  i n  a n a l y s e s  o f  t h e  a d o p t i o n  d e c i s i o n s ,  p a r t i c -  
u l a r l y  among low-income f a r m e r s ,  would b e  t o  f o r e g o  an  e x c e l l e n t  
o p p o r t u n i t y  f o r  g a i n i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  d e c i s i o n  
p r o c e s s  and  a  r e l a t e d  improvement i n  t h e  power o f  t h e  a n a l y s e s  t o  
p r o j e c t  a d o p t i o n  ra tes  o f  v a r i o u s  t e c h n o l o g y  a l t e r n a t i v e s .  On t h e  
o t h e r  hand,  househo ld  economics models may become v e r y  complex. 
Hence, care must  b e  t a k e n  t o  se lec t  o n l y  t h o s e  r e l a t i o n s h i p s  o f  
g r e a t e s t  i m p o r t a n c e  f o r  t h e  t e c h n o l o g y  a d o p t i o n  and u s e  d e c i s i o n s  
t o  a v o i d  e x c e s s i v e  c o m p l e x i t y  o f  t h e  o v e r a l l  models .  T h i s  p o i n t  
w i l l  b e  f u r t h e r  d i s c u s s e d  i n  a s u b s e q u e n t  s e c t i o n  o f  t h i s  p a g e r .  
A number o f  f a c t o r s  may make a d o p t i o n  d i f f i c u l t  o r  i m p o s s i b l e  
o r  they  may p r o h i b i t  t h e  f a r m e r  from o b t a i n i n g  t h e  b e n e f i t s  a s s o -  
' c i a t e d  w i t h  a d o p t i o n  a n d ,  t h u s ,  make a d o p t i o n  u n d e s i r a b l e .  Such 
c o n s t r a i n t s  would t e n d  t o  b e  l o c a t i o n  s p e c i f i c  and may o n l y  b e  
i d e n t i f i e d  t h r o u g h  a thorough  knowledge and u n d e r s t a n d i n g  o f  t h e  
p r o d u c t i o n  env i ronment  ( i n c l u d i n g  p h y s i c a l ,  c l imat ic ,  c u l t u r a l ,  
s o c i a l ,  and economic f a c t o r s )  i n  which t h e  f a r m e r  o p e r a t e s .  Some 
c o n s t r a i n t s  may b e  i n t e r n a l  t o  t h e  a c t u a l  f a rm househo ld  a c t i v i t i e s ,  
e . g . ,  l a c k  o f  s u f f i c i e n t  f a m i l y  l a b o r  d u r i n g  peak l a b o r  demand 
p e r i o d s  and u n w i l l i n g n e s s  t o  u s e  h i r e d  l a b o r ,  w h i l e  o t h e r s  would 
b e  e x t e r n a l ,  e . g . ,  l a c k  o f  access t o  t h e  n e c e s s a r y  i n p u t s .  I t  
would b e  i n a p p r o p r i a t e  t o  a t t e m p t  a c l e a r  d i s t i n c t i o n  between i n -  
t e r n a l  and e x t e r n a l  c o n s t r a i n t s  b e c a u s e  t h e y  a r e  h i g h l y  i n t e r d e -  
pendent .  Labor  c o n s t r a i n t s  may b e  c o n s i d e r e d  a n  i n t e r n a l  c o n s t r a i n t  
i f  w e  i g n o r e  t h e  p o s s i b i l i t y  o f  h i r i n g  l a b o r  b u t  a n  e x t e r n a l  con- 
s t r a i n t  i f  w e  o n l y  l o o k  a t  t h e  s u p p l y  o f  h i r e d  l a b o r  i g n o r i n g  t h e  
p o s s i b i l i t y  o f  expanded f a m i l y  l a b o r .  S i m i l a r  examples c o u l d  b e  
g i v e n  f o r  c a p i t a l  c o n s t r a i n t s .  S o c i a l  and c u l t u r a l  c o n s t r a i n t s  
may b e  imposed f rom t h e  community i n  which t h e  f a r m e r  l i v e s  o r  
t h e y  may b e  d e e p l y  r o o t e d  w i t h i n  t h e  i n d i v i d u a l  f a r m  f a m i l y .  I n  
any c a s e ,  some o f  t h e s e  c o n s t r a i n t s  may p l a y  a  v e r y  i m p o r t a n t  r o l e  
i n  t h e  a d o p t i o n  d e c i s i o n .  Some may b e  removed, w h i l e  o t h e r s  must  
b e  accoun ted  f o r  i n  t h e  d e s i g n  and c h o i c e  o f  t e c h n o l o g y .  Those 
t h a t  a r e  n o t  e x p e c t e d  t o  b e  removed e i t h e r  ( 1 )  b e c a u s e  it is  t o o  
d i f f i c u l t  o r  i m p o s s i b l e  o r  would have  u n a c c e p t a b l e  s i d e  e f f e c t s  o r  
( 2 )  b e c a u s e  t h e  a p p r o p r i a t e  p o l i c y  measures o r  i n s t i t u t i o n a l  
changes  a r e  n o t  l i k e l y  t o  come a b o u t ,  must b e  e x p l i c i t l y  i n c o r p o r -  
a t e d  i n t o  a n a l y s e s  o f  t h e  a d o p t i o n  p r o c e s s  i f  t h e y  a r e  e x p e c t e d  t o  
have  s e r i o u s  e f f e c t s  on t h e  a d o p t i o n  b e h a v i o r .  A l t e r n a t i v e  model 
r u n s  w i t h  and w i t h o u t  e a c h  o f  t h e s e  f a c t o r s  would a l s o  p r o v i d e  
some e s t i m a t e  o f  t h e  pay-off  from p o l i c y  measures  o r  i n s t i t u t i o n a l  
changes  aimed a t  t h e i r  r e n o v a l .  
But  which a r e  t h o s e  c o n s t r a i n t s ?  A s  ment ioned above,  t h e  p r e -  
s e n c e  and impor tance  o f  any g i v e n  c o n s t r a i n t  t e n d  t o  b e  s p e c i f i c  
t o  t h e  p a r t i c u l a r  c a s e ,  e . s . ,  r e s i o n ,  f a rm s i z e , .  even i n  some c a s e s  
t o  t h e  i n d i v i d u a l  farm.   his i s 4 w h y - a n y  e f f e c t i v e  e x  a n t e  a n a l y s i s  
aimed a t  t h e  e s t i m a t i o n  o f  e x p e c t e d  a d o p t i o n  r a t e s  and t e c h n o l o g y  
u s e  e f f i c i e n c y  f o r  a  g i v e n  t e c h n o l o g y  m i s t  b e  b a s e d  o n  a  thorough 
knowledge and u n d e r s t a n d i n g  o f  t h e  p r o d u c t i o n  envi ronment  w i t h i n  
which t h e  fa rmers  of  i n t e r e s t  a r e  o p e r a t i n g .  Such u n d e r s t a n d i n g  
c a n  o n l y  be  o b t a i n e d  by i n t e r a c t i o n  w i t h  t h e  f a r m e r s .  Thus,  the  
s p e c i f i c  c o n s t r a i n t s  t o  b e  i n c o r p o r a t e d  i n t o  t h e  a n a l y s i s  w i l l  
v a r y  from one c a s e  ( r e g i o n ,  farm s i z e  g roup ,  o r  some o t h e r  d i s -  
a g g r e g a t i o n )  t o  a n o t h e r .  
A l a r g e  number o f  s t u d i e s  h a v e  been a o n e  on c o n s t r a i n t s  t o  
t echno logy  a d o p t i o n  i n  a g r i c u l t u r e .  7  These s t u d i e s  c l e a r l y  i l l u s -  
t r a t e  t h e  g r e a t  d i v e r s i t y  o f  c o n s t r a i n t s  and t h e  i n t e r d e p e n d e n c e  
between t h e  fa rm group  s t u d i e d  and t h e  f a c t o r s  o f .  impor tance  i n  
t h e  a d o p t i o n  d e c i s i o n .  C e r t a i n  p a t t e r n s  w i t h i n  t h i s  i n t e r d e p e n d e n c e  
a r e  emerging.  These  p a t t e r n s  may b e  u s e f u l  t o  e s t a b l i s h  h y p o t h e s e s  
a b o u t  which c o n s t r a i n t s  a r e  o f  most  s i g n i f i c a n c e  q i v e n  c e r t a i n  
c h a r a c t e r i s t i c s  o f  t h e  p r o d u c t i o n  envi ronment .  Such h y p o t h e s e s  
may t h e n  b e  used t o  d e c i d e  o n  t h e  s p e c i f i c  c o n s t r a i n t s  t o  b e  i n c l u d -  
ed  i n  a n  a n a l y s i s  o f  a  g i v e n  c a s e .  
I t  s h o u l d  b e  c l e a r  from t h e  above,  t h a t  a t t e m p t s  t o  g e n e r a l i z e  
t h e  r e l a t i v e  impor tance  o f  i n d i v i d u a l  c o n s t r a i n t s  a c r o s s  f a rm g r o u p s ,  
r e g i o n s  and c o u n t r i e s ,  a r e  u n l i k e l y  t o  be  v e r y  u s e f u l  f o r  e x  a n t e  
a n a l y s e s .  However, a  few c o n s t r a i n t s  f r e q u e n t l y  found t o  b e  impor- 
t a n t  among low-income f a r m e r s  may b e  ment ioned.  Lack o f  a c c e s s  t o  
c r e d i t  and purchased  i n p u t  such a s  f e r t i l i z e r s  and p e s t i c i d e s  a t  
t h e  t i m e  and p l a c e  needed ,  seems t o  p l a y  a  ma jor  r o l e .  U n c e r t a i n t y  
a b o u t  t h e  performance  o f  a  g i v e n  t echno logy  under  a c t u a l  f a r m i n g  
c o n d i t i o n s  is a n o t h e r  c o n s t r a i n t  f r e q u e n t l y  e n c o u n t e r e d .  Such un- 
c e r t a i n t y  s t e m s  p r i m a r i l y  from l a c k  o f  t e c h n o l o g y  t e s t i n g  under  
t h e  r e l e v a n t  c o n d i t i o n s  which r e s u l t  i n  h i g h l y  u n r e l i a b l e  recom- 
mendat ions  p r o v i d e d  by t h e  d i f f u s i o n  a g e n c i e s .  T h i s  s i t u a t i o n  t e n d s  
t o  i n d u c e  f a r m e r s  t o  i n i t i a l l y  a d o p t  a  new t e c h n o l o g y  o n l y  on a  
s m a l l  p l o t  o f  l a n d ,  i n  e s s e n c e  t o  d o  h i s  own t e s t i n g ,  b e f o r e  
7 ~ n  e x c e l l e n t  r ev iew o f  such s t u d i e s  r e l a t e d  t o  economic c o n s t r a i n t s  
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proceed ing  t o  r e j e c t i o n  o r  f u l l  adop t ion .  I t  a l s o  c a u s e s  fa rmers  
who a r e  u n w i l l i n g  t o  t a k e  g r e a t  r i s k s ,  because  c r o p  f a i l u r e s  imply 
unaccep t ab l e  consequences  f o r  t h e  f a m i l y ' s  we l l -be ing ,  i . e . ,  low- 
income f a r m e r s ,  t o  pos tpone  a d o p t i o n  u n t i l  t h e y  have observed  t h e  
technology performance on ne ighbo r ing  farms.  Th i s  is  one r ea son  
why s m a l l  f a rmers  l a g  l a r g e r  ones i n  adop t ion  o f  new technology .  
A number o f  o t h e r  c o n s t r a i n t s  have been i d e n t i f i e d  under spe-  
c i f i c  c i r cums tances .  These i n c l u d e :  ad ,verse  i n s t i t u t i o n a l  a r r ange -  
ments and p u b l i c  p o l i c i e s ,  c e r t a i n  c u l t u r a l  and s o c i o l o g i c a l  f a c -  
t o r s ,  l i m i t e d  o u t p u t  marke t s ,  complexi ty  of  t h e  t echnology  and 
l a n d  t e n u r e .  The impor t an t  p o i n t  t o  be  made h e r e  is  t h a t  any 
modeling o f  t h e  i n t e r a c t i o n  among technology ,  a g r i c u l t u r a l  produc- 
t i o n ,  r e s o u r c e  u s e ,  and environment  must t a k e  i n t o  accoun t  t h e  most 
impor t an t  adop t ion  c o n s t r a i n t s  and t h e s e  c o n s t r a i n t s  must be iden-  
t i f i e d  on t h e  b a s i s  o f  e x i s t i n g  p roduc t i on  env i ronments ,  i n c l u d i n g  
p h y s i c a l ,  c l i m a t i c ,  c u l t u r a l ,  s o c i a l  and economic f a c t o r s .  
The Adoption Dec i s ion  
Taking i n t o  account  t h e  above mentioned i s s u e s  and probab ly  
a  few more, t h e  farmer  makes h i s  d e c i s i o n  whe ther  t o  adop t  o r  n o t  
a d o p t  a  g i v e n  technology .  Adoption may b e  complete ,  i . e . ,  f o r  
t h e  t o t a l  r e l e v a n t  p r o d u c t i o n  a c t i v i t y  ( e . g . ,  adop t ing  a  new r ice 
v a r i e t y  f o r  h i s  t o t a l  r i ce  a r e a  f o r  which he  t h i n k s  it is  appro- 
p r i a t e s  o r  it may -be  p a r t i a l ,  i . e . ,  on a s m a l l  p l o t  o f  l and  f o r  
t h e  purpose  o f  s e e i n g  t h e  r e s u l t s .  I n  a d d i t i o n ,  t h e  fa rmer  d e c i d e s  
whether t o  make any o t h e r  ad ju s tmen t s  i n  t h e  farm a c t i v i t i e s ,  i . e . ,  
r educ ing  o r  i n c r e a s i n g  t h e  a r e a  sown w i t h  t h e  v a r i o u s  c r o p s ,  Pur-  
c h a s i n g  more o r  less of  c e r t a i n  complementary i n p u t s ,  etc.  
Adoption o f  new technology  w i l l  have c e r t a i n  consequences  f o r  
t h e  adop t ing  f a rmer s ,  e . g . ,  changing n e t  incomes. These conse- 
quences w i l l ,  i n  t u r n ,  m o t i v a t e  t h e  farmer  t o  r e - a s s e s s  h i s  d e c i s i o n s  
on adop t ion  and r e l a t e d  ad ju s tmen t s  w i t h i n  t h e  farm. The add i -  
t i o n a l  e x p e r i e n c e  o b t a i n e d  w i l l  i n f l u e n c e  h i s  p e r c e p t i o n  o f  t h e  
s u i t a b i l i t y ,  p r o f i t a b i l i t y  and o t h e r  a s p e c t s  o f  t h e  t echnology  
which, i n  t u r n ,  w i l l  i n f l u e n c e  h i s  decis ion-making i n  t h e  subse-  
q u e n t  t i m e  p e r i o d  ( t  + 1 ) .  H e  may d e c i d e  t o  c o n t i n u e  "complete  
u s e " ,  h e  may d i s c o n t i n u e  o r  h e  may make c e r t a i n  m o d i f i c a t i o n s  i n  
t h e  use  o f  t echnology  and o t h e r  p roduc t i on  a c t i v i t i e s  (see F i g u r e  
4 )  . Awareness o f  o t h e r  t echnology  ( T 2 , .  . . , n )  may a l s o  e n t e r  t h e  
re -assessment .  The farm l e v e l  consequences among a d o p t e r s  may 
c r e a t e  awareness  and d e s i r e s  t o  adop t  among o t h e r  f a r m e r s .  I n  f a c t ,  
i n  a  number o f  cases, t h i s  demons t r a t i on  e f f e c t  ha s  been found t o  
b e  ex t remely  impor t an t  t o  a c c e l e r a t e  t echnology  adop t ion .  
Wi6espread adop t ion  w i l l  imply s i g n i f i c a n t  consequences o u t s i d e  
t h e  i n d i v i d u a l  a d o p t i n g  farm. Changes i n  i n p u t  and o u t p u t  p r i c e s  
might  r e s u l t .  Such changes would e n t e r  i n t o  t h e  re -assessment .  
- - 
The fa rmer  may p e r c e i v e  ( r i g h t l y  o r  wrongly) t h a t  a  g i v e n  com- 
modity s p e c i f i c  t echnology  is  o n l y  advantageous  on some o f  t h e  
a r e a  grown w i t h  t h e  p a r t i c u l a r  crop.  Such a  c a s e  would b e  con- 
s i d e r e d  complete  adop t ion  a s  opposed t o  p a r t i a l  adop t ion  ex- 
p l a i n e d  above. 
Furthermore,  t h e  consequences may cause  p o l i c y  changes on a  number 
o f  i s s u e s  such a s  p r i c e s ,  i n s t i t u t i o n a l  s t r u c t u r e s ,  c r e d i t ,  exten-  
s i o n  s e r v i c e ,  c r o p  i n s u r a n c e ,  e t c .  The pe rce ived  e f f e c t s  o f  such 
p o l i c y  changes would a l s o  e n t e r  i n t o  t h e  f a r m e r ' s  re-assessment.  
I t  should  b e  emphasized t h a t  t h e  i n d i v i d u a l  farmer  w i l l  i n c l u d e  
i n  h i s  re-assessment  on ly  t h o s e  i s s u e s  which he p e r c e i v e s  w i l l  
a f f e c t  him d i r e c t l y .  Broader socio-economic e f f e c t s  such a s  en- 
v i ronmenta l ,  employment, r e s o u r c e  and f o r e i g n  exchange e f f e c t s  
w i l l  o n l y  e n t e r  i n t o  h i s  decision-making t o  t h e  e x t e n t  t h e y  a r e  
r e f l e c t e d  i n  i npu t /ou tpu t  p r i c e s ,  c o s t s ,  r e s o u r c e  a v a i l a b i l i t y  t o  
him, o r  i n  some o t h e r  way t h a t  d i r e c t l y  a f f e c t s  him. I f  t h e  rela- 
t i v e  r e s o u r c e  endowment a t  t h e  n a t i o n a l  o r  r e g i o n a l  l e v e l  is n o t  
r e f l e c t e d  i n  r e l a t i v e  i n p u t  p r i c e s  o r  a b s o l u t e  a v a i l a b i l i t y  it 
w i l l  n o t  b e  t a k e n  i n t o  account  i n  h i s  d e c i s i o n s .  Energy s c a r c i t y  
i s  of l i t t le  concern t o  him u n l e s s  it i s  r e f l e c t e d  i n  t h e  p r i c e s  he  
pays ( o r  expec t s  t o  pay) o r  t h e  a c c e s s  h e  h a s  ( o r  e x p e c t s  t o  have)  
t o  energy.  Ex tens ive  unemployment w i l l  n o t  a f f e c t  h i s  p roduc t ion  
d e c i s i o n s  on l a b o r  u se  i f  minimum wage l a w s  o r  l a b o r  unions  main- 
t a i n  r e l a t i v e l y  h igh  wages. E f f e c t s  on t h e  l o c a l  community, such 
a s  p o l l u t i o n  of  l o c a l  s t r e a m s ,  may b e  e x c e p t i o n s  t o  t h i s  g e n e r a l  
r u l e  because o f  community p r e s s u r e s .  
Obviously n o t  a l l  t h e  f a c t o r s  and r e l a t i o n s h i p s  mentioned i n  
t h i s  s e c t i o n  can o r  shou ld  b e  e x p l i c i t l y  i nc luded  i n  t h e  IIASA 
models on a g r i c u l t u r a l  technology.  However, awareness o f  t h e  
o v e r a l l  d e c i s i o n  p r o c e s s ,  t o g e t h e r  w i t h  a  good knowledge and under- 
s t a n d i n g  o f  t h e  farm groups ,  which t h e  models a r e  supposed t o  d e a l  
w i t h ,  i s  impor tan t  f o r  t h e  c o r r e c t  cho ice  of  f a c t o r s  and r e l a t i o n -  
s h i p s  t o  b e  i nco rpo ra t ed .  While t h e  o v e r a l l  framework may p o s s i b l y  
be  s u i t e d  t o  any group o f  f a rmer s ,  t h e  s p e c i f i c  v a r i a b l e s  t o  b e  
i nc luded  would vary.  The dynamics of t h e  adopt ion  p roces s  inc lud-  
i n g  t h e  g radua l  change o f  t h e  u se  o f  technology fo l lowing  t h e  
p e r i o d  o f  adop t ion ,  t h e  l a g  e f f e c t  i n  adop t ion  among f a rmer s t and  
t h e  a r r i v a l  o f  o t h e r  t e c h n o l o g i c a l  o p p o r t u n i t i e s  shou ld  b e  e x p l i c i t -  
l y  inc luded .  P r o f i t  maximizing s u b j e c t  t o  a  s e r i e s  o f  c o n s t r a i n t s  
f o r  each t i m e  p e r i o d  may b e  an a p p r o p r i a t e  approach.  Goals o t h e r  
t han  p r o f i t  maximization may b e  cons ide red  as c o n s t r a i n t s .  Avail-  
a b l e  i n fo rma t ion  would probably  n o t  j u s t i f y  t h e  i n c o r p o r a t i o n  o f  
complicated r i s k  models. 
So f a r  t h e  d i s c u s s i o n  has  been taken  t o  t h e  p o i n t  of  t h e  con- 
sequences a t  some a g g r e g a t e  l e v e l .  Among t h e s e  consequences,  t h o s e  
o f  g r e a t e s t  i n t e r e s t  h e r e  a r e  t h o s e  a f f e c t i n g  food p roduc t ion ,  re-  
s o u r c e  u se  and environment.  Each of t h e s e  w i l l  be  d i s c u s s e d  sub- 
s equen t ly .  
EFFECT ON FOOD PRODUCTION 
The e f f e c t  of  t e c h n o l o g i c a l  change on t h e  q u a n t i t y  o f  food 
produced i s  g iven  by t h e  magnitude of adop t ion ,  e .g . ,  t h e  a r e a  
where new technology i s  a p p l i e d ,  t h e  impact  on t h e  p roduc t ion  p e r  
u n i t  of l and ,  and t h e  e f f e c t  on t h e  p roduc t ion  of foods  f o r  which 
t h e  technology i s  n o t  a p p l i e d ,  i . e . ,  t h e  s u b s t i t u t i o n  e f f e c t .  I n  
a d d i t i o n ,  new technology may change commodity c h a r a c t e r i s t i c s ,  e . g . ,  
changes i n  t h e  amino a c i d  composit ion of maize o r  naking  tomatoes 
more a p t  f o r  mechanical h a r v e s t i n g ,  and c r e a t e  new p roduc t s ,  e . g . ,  
t r i t i c a l e .  However, i n  t h i s  paper-emphasis  w i l l  be p laced  on 
technology aimed a t  t h e  i n c r e a s e  of ' t echn ica l  e f f i c i e n c y  of  a 
g iven  product .  Such technology may i n c r e a s e  product ion  f o r  a 
g iven  q u a n t i t y  of  r e sources ,  ma in ta in  t h e  same product ion  wi th  
smal le r  q u a n t i t i e s  of r e sources ,  o r  a combination of  t h e  two. I n  
f a c t ,  a p p l i c a t i o n  of  new technology u s u a l l y  r e s u l t s  i n  a combina- 
t i o n  of o u t p u t  expansion,  expanded u s e  of  a t  l e a s t  some r e s o u r c e s ,  
and r e source  s u b s t i t u t i o n .  I s h a l l  r e t u r n  t o  t h e  r e s o u r c e  i s s u e s  
i n  t h e  subsequent s e c t i o n .  
I n  p r i n c i p l e ,  t h e  impact o f  adopt ion and use  of  new technology 
on food product ion  should b e  e s t ima ted  by means of some q u a n t i t a -  
t i v e  f u n c t i o n a l  r e l a t i o n s h i p  i n  which t o t a l  farm product ion  of 
food is a func t ion  of a l l  t h e  i n p u t s  used inc lud ing  t h e  p a r t i c u l a r  
technology of  i n t e r e s t .  Such a whole-farm approach would c a p t u r e  
n o t  on ly  t h e  change i n  t h e  product ion  of  commodities f o r  which new 
technology was in t roduced  ( t h e  d i r e c t  impac t ) ,  b u t  a l s o  t h e  r e s u l t -  
i n g  changes i n  t h e  product ion  of o t h e r  commodities ( t h e  i n d i r e c t  
impact) .  However, most empi r i ca l  ana lyses  o f  t h e  impact of tech-  
nology on food product ion  do no t  apply such an approach. I n s t e a d ,  
a p a r t i a l  a n a l y s i s  i s  done i n  which only  t h e  d i r e c t  impact is con- 
s ide red .  Of cour se ,  i n  t h e  c a s e  of farms producing only  one com- 
modity, t h e r e  is no d i f f e r e n c e  between t h e  two approaches.  
Technological  change may be incorpora ted  i n t o  such f u n c t i o n a l  
r e l a t i o n s h i p s  i n  va r ious  ways. Binswanger o u t l i n e s  t h r e e  ways of  
i n t r o d u c i n  what he  c a l l s  t h e  " re sea rch  processes"  i n t o  product ion  
func t ions .  Empir ica l  s t u d i e s  have focused on e i t h e r  an index 
number o r  a product ion  f u n c t i o n  approach.lo The index  number ap- 
proach i s  based on an e s t i m a t i o n  of  t h e  average y i e l d  impact f o l -  
lowed by an e s t i m a t i o n  o f  t h e  a r e a  where t h e  p a r t i c u l a r  technology 
i s  adopted. The average y i e l d  impact may b e  e s t ima ted  i n  a number 
of ways. Some have used d a t a  ob ta ined  from technology t e s t i n g ,  i n  
some cases  apply ing  a d i scoun t ing  f a c t o r  t o  al low f o r  d i f f e r e n c e s  
between t h e  t e s t i n  environment and t h e  a c t u a l  farm l e v e l  produc- 
t i o n  environment. Others  have e s t ima ted  t h e  average y i e l d  impact 
by means of  product ion func t ion  ana lyses  of va r ious  k inds .  I n  
~ a n s  P. Binswanger and Vernon W. Ruttan.  Induced Innovat ion 
Johns Hopkins Univers i ty  Press, Balt imore 1978, pp.129-130. 
l o w i l l i s  L. Peterson .  Return t o  Pou l t ry  Research i n  t h e  United 
S ta t e s .  Jou rna l  o f  Farm Economics, August 1967, pp.653-669. 
l1 The c l a s s i c a l  example o f  t h i s  approach is :  Z .  G r i l i c h e s ,  
Research Cos ts  and S o c i a l  Returns:  Hybrid Corn and Related 
Innov3tions. J o u r n a l  o f  P o l i t i c a l  Economy, Vol. 6 6 ,  1958, 
pp.419-431. 
s t u d i e s  where p r o d u c t i o n  f u n c t i o n s  have  been used ,  whe ther  t o  
estimate y i e l d  o r  p r o d u c t i o n  impac t ,  t e c h n o l o g i c a l  change h a s  f r e -  
q u e n t l y  been re r e s e n t e d  by a  proxy v a r i a b l e  t o  a v o i d  s e r i o u s  
d a t a  problems.  lf 
T e c h n o l o g i ca l  change h a s  been d e a l t  w i t h  i n  v a r i o u s  program- 
ming frameworks b u t  u s u a l l y  i n  a  somewhat s u p e r f i c i a l  o r  aggre-  
g a t e  manner. Fur the rmore ,  a g r i c u l t u r a l  sector models ,  i r r e s p e c -  
t i v e  o f  t y p e ,  g e n e r a l l y  i n c o r p o r a t e  t h e  o u t p u t  e f f e c t  o f ' t e c h n o -  
l o g i c a l  change i n  some--usually v e r y  aggregate- -manner13 
A l a r g e  body o f  e m p i r i c a l  ev idence  on  t h e  o u t p u t  e f f e c t  o f  
t e c h n o l o g i c a l  change i n  a g r i c u l t u r e  h a s  been  accumulated  d u r i n g  
t h e  l a s t  twenty  y e a r s .  T.W. S c h u l t z  and h i s  g r a d u a t e  s t u d e n t s  
and c o l l e a g u e s  ( G r i l i c h e s ,  P e t e r s o n ,  Evenson, A r d i t o - B a r l e t t a  and 
H e r t f o r d  t o  ment ion a few) have been t h e  p r i n e  f o r c e s  beh ind  a  
series o f  e x  p o s t  s t u d i e s  on  t h e  o u t p u t  e f f e c t  o f  a g r i c u l t u r a l  re- 
s e a r c h  and t echno logy  i n  t h e  Uni ted  S t a t e s ,  Mexico, Colombia, and 
o t h e r  c o u n t r i e s . 1 4  Fur the rmore ,  t h e  a g g r e g a t e  o u t p u t  e f f e c t s  of  
f e r t i l i z e r  u s e  have  been  e s t i m a t e d  i n  r e c e n t  s t u d i e s . 1 5  
On t h e  e x  a n t e  s i d e ,  r e c e n t  s t u d i e s  have  been  aimed a t  t h e  
i d e n t i f i c a t i o n  o f  y i e l d  and p r o d u c t i o n  l i m i t i n g  f a c t o r s  i n  s p e c i -  
f i c  r e g i o n s  and c r o p s  and t h e  e s t i m a t i o n  o f  t h e  l i k e l y  p r o d u c t i o n  
impact  o f  removing each  o f  t h e s e  f a c t o r s . l 6  The p r imary  purpose  
of such s t u d i e s  i s  t o  p r o v i d e  g u i d e l i n e s  f o r  f u t u r e  RED by e s t i m a t -  
i n g  t h e  e x pec t ed  o u t p u t  e f f e c t  and pay-off  a s s o c i a t e d  w i t h  t h e  
development o f  a l t e r n a t i v e  t e c h n o l o g i e s .  The methodolog ies  used 
i n  t h e s e  s t u d i e s  a r e  u s u a l l y  some combina t ion  o f  r e g r e s s i o n  ana l -  
y s i s  and a c c o u n t i n g  p r o c e d u r e s  where p r imary  d a t a  are o b t a i n e d  
th rough  fa rm l e v e l  i n t e r v i e w s ,  l o n g i t u t i o n a l  o b s e r v a t i o n s  and 
a g r i c u l t u r a l  ex p e r i m en t s .  
l2 ~ x a m ~ l e s  o f  s t u d i e s  u s i n g  a  p r o d u c t i o n  f u n c t i o n  approach  a r e :  
R. Evenson, The C o n t r i b u t i o n  o f  A g r i c u l t u r a l  Research and Ex- 
t e n s i o n  t o  A g r i c u l t u r a l  Product ion.  Ph.D. T h e s i s ,  U n i v e r s i t y  
o f  Chicago,  1969 and S. S idhu ,  Economics o f  T e c h n i c a l  Change 
i n  Wheat P r o d u c t i o n  i n  t h e  I n d i a n  Punjab. American J o u r n a l  
o f  A g r i c u l t u r a l  Economics, Vol. 56, N o .  2 ,  May 1974, pp.  217-226. 
l3 For  a  b r i e f  r ev iew o f  t h i s  i s s u e ,  see: M. Neun teu fe l ,  The S t a t e  
o f  t h e  A r t  i n  Modeling o f  Food and A g r i c u l t u r e  Systems. IIASA, 
FQ4-77-42, Laxenburg, A u s t r i a ,  1977. 
l4 See:  Thomas M. A r n d t ,  e t  a l l  ( c i t e d  p r e v i o u s l y )  f o r  r e f e r e n c e s  
t o  t h e s e  and s imilar  s t u d i e s .  
l5 The e s t i m a t e d  c o n t r i b u t i o n  o f  f e r t i l i z e r s  t o  c e r e a l  p r o d u c t i o n  
i n  marke t  o r i e n t e d  d ev e l o p ing  c o u n t r i e s  u s i n g  b o t h  an  i ndex  
number and a  p r o d u c t i o n  f u n c t i o n  approach is  r e p o r t e d  i n :  
P e r  P ins t rup-Andersen ,  P r e l i m i n a r y  E s t i m a t e s  o f  t h e  C on t r i bu -  
t i o n  o f  F e r t i l i z e r s  t o  C e r e a l  P roduc t i on  i n  Developing Market 
Economies. The J o u r n a l  o f  Economics, V o l .  2, 1976. 
R. B a r k e r ,  P r o d u c t i o n  C o n s t r a i n t s  and P r i o r i t i e s  f o r  Research. 
I n t e r n a t i o n a l  R i c e  Research I n s t i t u t e ,  Los Banos, P h i l i p p i n e s ,  
1977 and Per  P ins t rup-Andersen ,  e t  a l ,  A Sugges ted  P rocedu re  
-f o r  E s t i m a t i n g  Y i e l d  and Production Losses  i n  Crops. PANS, 
Vol. 22, No. 3 ,  1976, pp. 359-365. 
A s  mentioned e a r l i e r ,  v i r t u a l l y  a l l  of  t h e  above mentioned 
approaches and e m p i r i c a l  f i n d i n g s  focus  on e s t i m a t i n g  on ly  t h e  
d i r e c t  o u t p u t  e f f e c t  t hus  i gno r ing  t h e  o u t p u t  e f f e c t s  caused by 
changes i n  t h e  q u a n t i t y  produced of commodities f o r  which t h e  
technology was n o t  app l i ed .  But t h e  change of  r e l a t i v e  p r o d u c t i v i t y  
o f  one commodity i s  expected t o  cause  commodity s u b s t i t u t i o n  a t  
t h e  farm l e v e l .  Th i s  would be of  p a r t i c u l a r  importance i n  c a s e s  
where a  number o f  commodities compete f o r  f i x e d  amounts of  a  g iven  
r e sou rce ,  e . g . ,  l a n d  o r  fami ly  l a b o r .  The i n c o r p o r a t i o n  of  t h e  
commodity s u b s t i t u t i o n  e f f e c t  on food p roduc t ion  would g r e a t l y  
improve t h e  p r e d i c t i v e  power of t h e  model, n o t  on ly  f o r  o u t p u t  
e f f e c t s  b u t  a l s o  f o r  t h e  r e sou rce  i m p l i c a t i o n s ,  provided t h e  neces- 
s a r y  d a t a  can b e  ob ta ined .  Conceptua l ly ,  such  a  whole-farm ap- 
proach should  n o t  cause  major d i f f i c u l t i e s .  The p r i n c i p a l  prob- 
l e m s  w i l l  b e  t o  o b t a i n  s u f f i c i e n t l y  reliable d a t a  f o r  e,x a n t e  
assessments .  
EFFECT ON RESOURCE USE 
Technologica l  change may g r e a t l y  a f f e c t  t h e  r e s o u r c e  use  pa t -  
t e r n  i n  a g r i c u l t u r e .  D i f f e r e n t  t echno log ie s  may have d i f f e r e n t  
impact  on t h e  q u a n t i t i e s  o f  r e sou rces  used and t h e  op t ima l  re- 
sou rce  composi t ion f o r  a  p a r t i c u l a r  p roduc t ion  p roces s .  A given  
technology may be " r e s o u r c e  x  sav ing"  and r e s o u r c e  y  us ing" .  
I n t r o d u c t i o n  o f  a r e s o u r c e  x  s a v i n g  technology does  n o t  n e c e s s a r i l y  
imply t h a t  less o f  r e s o u r c e  x  w i l l  b e  used.  I t  merely i m p l i e s  
t h a t  c u r r e n t  o u t p u t  q u a n t i t i e s  can b e  main ta ined  w i t h  a  s m a l l e r  
q u a n t i t y  o f  r e s o u r c e  x  prov ided ,  o f  c o u r s e ,  t h a t  t h e  necessary  re -  
sou rce  s u b s t i t u t i o n  t a k e s  p l a c e .  But s i n c e  more i s  produced p e r  
u n i t  o f  x ,  i . e . ,  t h e  t e c h n i c a l  e f f i c i e n c y  of x  i n c r e a s e s ,  it w i l l  
b e  p r o f i t a b l e  t o  expand produc t ion  and t h u s  expand t h e  u s e  of  x  
un le s s  p roduc t  demand o r  r e s o u r c e  supply  makes such expansion un- 
a t t r a c t i v e .  
Resources used i n  a g r i c u l t u r e  may b e  grouped i n t o  l a b o r ,  l a n d ,  
f u e l ,  energy,  w a t e r ,  b i o l o g i c a l  and chemical  m a t e r i a l s  and o t h e r  
c a p i t a l  i n p u t s .  On t h e  o t h e r  hand, a g r i c u l t u r a l  technology may be  
grouped i n t o  b i o l o g i c a l ,  chemical  and mechanical  technology.  The 
i s s u e  of i n t e r e s t  h e r e  i s  t o  deve lop  and tes t  methods (models)  
capable  of a s s e s s i n g  t h e  impact  of s p e c i f i c  t e c h n o l o g i e s  and tech-  
n o l o g i c a l  change p a t h s  on t h e  demand f o r  each  of t h e  r e s o u r c e  
groups.  A s  s t a t e d  e lsewhere ,  r e l a t i v e  r e s o u r c e  p r i c e s  t e n d  t o  
e x e r c i s e  c o n s i d e r a b l e  i n f l u e n c e  on t h e  t y p e  of technology t o  b e  
developed and made a v a i l a b l e  t o  fa rmers .  The r e l a t i o n s h i p  between 
r e l a t i v e  r e s o u r c e  p r i c e s  and adop t ion ,  i . e . ,  f a r m e r s '  c h o i c e  
among a v a i l a b l e  t e c h n o l o g i e s ,  i s  even more c l e a r .  However, as 
mentioned e a r l i e r  t h e r e  is r ea son  t o  b e l i e v e  t h a t  c u r r e n t  r e l a t i v e  
r e s o u r c e  p r i c e s  may n o t  be e f f e c t i v e  i n  a s s u r i n g  t h e  s o c i a l l y  
op t ima l ,  long run  t e c h n o l o g i c a l  development pa th .  ~ a c i l i t a t i v e  
and c o r r e c t i v e  p u b l i c  p o l i c y  may be needed. One o f  t h e  r ea sons  
why r e l a t i v e  r e s o u r c e  p r i c e s  may n o t  p rov ide  a n  e f f e c t i v e  guide- 
l i n e  f o r  t h e  long r u n  technology p a t h  i s  t h e  p re sence  of p r i c e  
d i s t o r t i n g  p o l i c i e s  and i n s t i t u t i o n s .  Thus, p a r t  of t h e  job of 
f a c i l i t a t i v e  and c o r r e c t i v e  p o l i c i e s  i s  t o  undo adve r se  e f f e c t s  
of  o t h e r  p o l i c y  measures.  
Conceptua l ly ,  t h e  e s t i m a t i o n  o f  r e s o u r c e  demand is c l o s e l y  
l i m i t e d  wi th  t h e  e s t i m a t i o n  methods and models d i s c u s s e d  i n  t h e  
prev ious  s e c t i o n .  Func t iona l  r e l a t i o n s h i p s  between o u t p u t  and r e -  
sou rces  p rov ide  t h e  b a s i s  f o r  e s t i m a t i n g  resource '  demand f u n c t i o n s ,  
i . e . ,  f u n c t i o n s  r e p r e s e n t i n g  q u a n t i t y  demanded of  a g iven  r e s o u r c e  
as a  f u n c t i o n  o f  i t s  own p r i c e  and p r i c e s  o f  o u t p u t  and o t h e r  re -  
sou rces  used i n  , t h e  p roduc t ion  p roces s .  The d e r i v a t i o n  of  such 
r e sou rce  demand f u n c t i o n s  from p roduc t ion  f u n c t i o n s  b e f o r e  and 
a f t e r  a  g iven  t e c h n o l o g i c a l  change is  i l l u s t r a t e d  by s idhu .17  
Resource supply  f u n c t i o n s  must a l s o  be  e s t i m a t e d .  While t h e  
i n d i v i d u a l  farmer  may b e  f aced  w i t h  a  f i x e d  supply  o f  c e r t a i n  re-  
s o u r c e s ,  e . g . ,  l a n d ,  and an  i n f i n i t l y  e las t ic  supply  of  o t h e r  re- 
s o u r c e s ,  e . g . ,  f e r t i l i z e r s ,  a t  any g iven  p o i n t  i n  t i m e ,  t h e  a g r i -  
c u l t u r a l  s e c t o r  w i l l  f a c e  an upward s l o p i n g  supply cu rve  f o r  most 
r e sou rces .  Thus, s h i f t s  i n  t h e  s e c t o r  r e s o u r c e  demand cu rves  w i l l  
imply p r i c e  changes.  These p r i c e  changes must b e  t a k e n  i n t o  ac- 
count  i n  a dynamic model. I n  some c a s e s ,  w e l l  founded assumptions 
may r e p l a c e  e f f o r t s  t o  a c t u a l l y  e s t i m a t e  r e s o u r c e  supply  f u n c t i o n s .  
The d i r e c t i o n  of  r e s o u r c e  b i a s  ( " sav ing"  o r  "us ing")  may be 
i n t u i t i v e l y  obvious f o r  some t echno log ie s  b u t  n o t  f o r  o t h e r s .  The 
magnitudes o f  such b i a s e s  and t h e  n e t  impact  on r e s o u r c e  demand 
a r e  n o t  u s u a l l y  known wi thou t  formal  a n a l y s i s .  On t h e  b a s i s  o f  
common s e n s e  and r e s u l t s  from e m p i r i c a l  work t h e  fo l lowing  b r i e f  
overview o f  t h e  r e s o u r c e  b i a s e s  r e l a t e d  t o  t h e  v a r i o u s  t ypes  of  
a g r i c u l t u r a l  technology is  o f f e r e d .  
Most b i o l o g i c a l  t echnology ,  e . g . ,  h igh  y i e l d i n g  v a r i e t i e s ,  
has  been " l a b o r ,  l a n d  and f u e l  energy sav ing"  and "wa te r ,  chemical  
r e sou rce  and o t h e r  c a p i t a l  i n p u t  us ing" .  Chemical r e s o u r c e s ,  par-  
t i c u l a r l y  f e r t i l i z e r s ,  c a p i t a l  i n p u t s  and,  i n  some c a s e s ,  i r r i g a -  
t i o n  wa te r  have been s u b s t i t u t e d  f o r  l a b o r ,  l and  and,  i n  some c a s e s ,  
energy f u e l .  But expanded o u t p u t  and h i g h e r  p r o d u c t i v i t y  o f  l a b o r  
and l and  have expanded t h e  demand f o r  t h e s e  r e sou rces .  Thus, 
where t h e  supply o f  a g r i c u l t u r a l  l and  has  been f i x e d ,  p r i c e s  of 
land s u i t a b l e  f o r  t he .  p a r t i c u l a r  b i o l o g i c a l  technology have in -  
c r e a s e d  s i g n i f i c a n t l y .  Such p r i c e  i n c r e a s e s  have been p a r t i c u l a r l y  
pronounced i n  a r e a s  where most o r  a l l  s u i t e d  land  was grown wi th  
t h e  c r o p  f o r  which b i o l o g i c a l  technology w a s  i n t roduced ,  e. g . ,  many 
rice a r e a s  i n  Asia.  I n  o t h e r  a r e a s ,  where s u i t e d  l a n d  was used 
f o r  a  number o f  c r o p s ,  a  c o n s i d e r a b l e  c rop  s u b s t i t u t i o n  h a s  occur-  
red .  A case i n  p o i n t  i s  t h e  e x t e n s i v e  s u b s t i t u t i o n  of  rice f o r  
o t h e r  c r o p s  i n  c e r t a i n  r e g i o n s  o f  Colombia fo l lowing  t h e  i n t roduc -  
t i o n  o f  h igh  y i e l d i n g  r i c e  v a r i e t i e s . 1 8  
Regarding l a b o r ,  it i s  now documented beyond r easonab le  doubt  
t h a t  t h e  i n c r e a s e  i n  l a b o r  demand due t o  o u t p u t  expansions  have 
been cons ide rab ly  l a r g e r  t han  t h e  l a b o r  s av ing  e f f e c t  o f  b i o l o g i c a l  
"8. Sidhu,  op c i t .  
l 8 ~ r a n t  M. Scobie  and Rafae l  Posada, The Impact o f  High Yie ld ing  
Rice V a r i e t i e s  i n  L a t i n  America, w i th  S p e c i a l  Emphasis on 
Colombia. C I A T ,  c a l i f  Colombia, S e r i e s  JE-01, A p r i l  1977. 
t echno logy .  Thus,  t h e  n e t  r e s u l t  h a s  been  a n  i n c r e a s e  i n  l a b o r  
demand. I n  a r e a s  w i t h  l a r g e  unemployment and h i g h l y  e l a s t i c  l a b o r  
s u p p l y  t h i s  h a s  r e s u l t e d  i n  c o n s i d e r a b l e  i n c r e a s e s  i n  employment. 
I n  c a s e s  o f  l i t t l e  unemployment and an  i n e l a s t i c  l a b o r  s u p p l y ,  
w h e t h e r  e x i s t i n g  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  t e c h n o l o g y  o r  b r o u g h t  
a b o u t  by t h e  t e c h n o l o g y ,  c o n s i d e r a b l e  wage i n c r e a s e s  have  o c c u r r e d ,  
e . g . ,  i n  t h e  Pun jab  r e g i o n  o f  I n d i a .  However, a v a i l a b i l i t y  o f  
l a b o r  s a v i n g  m e c h a n i c a l  t e c h n o l o g y  t e n d s  t o  e s t a b l i s h  upper  l i m i t s  
f o r  s u c h  wage i n c r e a s e s .  
A c o n s i d e r a b l e  amount of new b i o l o g i c a l  t e c h n o l o g y  depends  
on  f e r t i l i z e r s  and--in some cases--on i r r i g a t i o n  and p e s t i c i d e s  
t o  e x p r e s s  i t s  f u l l  y i e l d  i n c r e a s i n g  c a p a c i t y .  Thus,  t h e  i n t r o -  
d u c t i o n  o f  t h e  t y p e  o f  b i o l o g i c a l  t e c h n o l o g y  b e h i n d  t h e  Green 
R e v o l u t i o n  and e a r l i e r  y i e l d  i n c r e a s e s  i n  Europe and Nor th  
America h a s  g r e a t l y  i n c r e a s e d  t h e  demand f o r  and u s e  o f  f e r t i l -  
i z e r s  and o t h e r  c h e m i c a l  i n p u t .  C o n t i n u i n g  t e c h n o l o g i c a l  i m -  
provements  i n  t h e  f e r t i l i z e r  i n d u s t r y  and low r a w  mater ia l  p r i c e s  
Crock p h o s p h a t e ,  n a t u r a l  g a s  and p o t a s h ,  p r i m a r i l y )  a s s u r e d  a 
s u f f i c i e n t  f e r t i l i z e r  s u p p l y  a t  s t a b l e  p r i c e s .  C y c l i c a l  i n v e s t -  
ment  p a t t e r n s  i n  t h e  f e r t i l i z e r  i n d u s t r y ,  i n c r e a s i n g  p r i c e s  o f  
r o c k  phospha te  and e n e r g y ,  and r a p i d  i n c r e a s e s  i n  f e r t i l i z e r  
demands d i s r u p t e d  t h e  t r e n d  of  s u f f i c i e n t  s u p p l i e s  a t  s t a b l e  
p r i c e s  ( d u r i n g  t h e  1960s  f e r t i l i z e r  p r i c e s  a c t u a l l y  f e l l )  i n  
1973-74. However, f e r t i l i z e r  p r i c e s  are a g a i n  s t a b l e  a l t h o u g h  
a t  a somewhat h i g h e r  l e v e l  t h a n  p r i o r  t o  1973 and c u r r e n t  a s  w e l l  
a s  e x p e c t e d  f u t u r e  s u p p l y  c a p a c i t y  e x c e e d s  e x p e c t e d  demands. 
Some b i o l o g i c a l  t e c h n o l o g y  i s  c h e m i c a l  r e s o u r c e  s a v i n g  b o t h  
i n  a  r e l a t i v e  and an  a b s o l u t e  s e n s e .  Examples o f  s u c h  t e c h n o l o g y  
a r e  b i o l o g i c a l  N - f i x a t i o n  from t h e  a tmosphere  and b i o l o g i c a l  i n -  
sec t  c o n t r o l .  I f  r e d u c e d  usage  o f  c h e m i c a l  t e c h n o l o g y  o r  reduced 
r a t e s  o f  i n c r e a s e  i n  s u c h  u s a g e  is a  l o n g  r u n g a l  o f  s o c i e t y ,  
emphasis  migh t  b e  p l a c e d  o n  s u c h  t echno logy .  One r e a s o n  f o r  such 
a  g o a l  migh t  b e  t o  r e d u c e  f o r e i g n  exchange r e q u i r e m e n t s  f o r  impor t  
o f  f e r t i l i z e r s ,  f e r t i l i z e r  raw m a t e r i a l s ,  o r  f u e l  ene rgy .  Environ- 
m e n t a l  c o n s i d e r a t i o n s  m i g h t  be  a n o t h e r  r e a s o n .  However, as long  
a s  f e r t i l i z e r  s u p p l i e s  are p l e n t i f u l  f o r  t h e  i n d i v i d u a l  f a r m e r  a t  
r e a s o n a b l e  p r i c e s  h e  may have  l i t t l e  i n t e r e s t  i n  a d o p t i n g  f e r t i l i z e r  
s a v i n g  t echno logy .  P u b l i c  p o l i c y  aimed a t  t h e  above s h o u l d  con- 
s i d e r  t h e  o u t p u t  e f f e c t  a s  w e l l  a s  t h e  r e s o u r c e  and envi ronment  
e f f e c t s .  
A s  shown above,  t h e  i n t r o d u c t i o n  of much modern b i o l o g i c a l  
t e c h n o l o g y  i s  c l o s e l y  l i n k e d  w i t h  s i m u l t a n e o u s  i n t r o d u c t i o n  o f  
c h e m i c a l  t e c h n o l o g y .  I n t r o d u c t i o n  o f  c h e m i c a l  t e c h n o l o g y  by 
i t s e l f  would t e n d  t o  have  t h e  same r e s o u r c e  b i a s e s  as b i o l o g i c a l  
t e c h n o l o g y .  There is  o n e  i m p o r t a n t  e x c e p t i o n ,  however. Labor 
s a v i n g  c h e m i c a l  t e c h n o l o g y  w i t h  l i t t l e  o r  no o u t p u t  e f f e c t  w i l l  
r e d u c e  n e t  l a b o r  demand. Chemical  weed c o n t r o l  i s  a n  example 
of s u c h  t echno logy .  
The impact  o f  t h e  i n t r o d u c t i o n  o f  m e c h a n i c a l  t e c h n o l o g y  on 
t h e  demand f o r  f u e l  e n e r g y  and c a p i t a l  i s  o b v i o u s  and need n o t  b e  
e l a b o r a t e d .  I ts  i m p a c t  on  l a n d  and l a b o r  demand would depend on 
w h e t h e r  t h e r e  i s  an o u t p u t  e f f e c t  o r  n o t .  I n t r o d u c t i o n  o f  mechan- 
i c a l  t echno logy  w i t h  a  c o n s i d e r a b l e  o u t p u t  e f f e c t ,  e . g . ,  i r r i g a t i o n  
equipment ,  may c a u s e  c o n s i d e r a b l e  i n c r e a s e s  i n  t h e  demand f o r  
l a b o r  and l a n d ,  a l t h o u g h  it is  l a n d  and l a b o r  s a v i n g .  Thus,  t h e  
c a s e  is  i d e n t i c a l  t o  t h a t  o f  b i o l o g i c a l  t e c h n o l o g y  i n  s o  f a r  a s  
l a n d  and l a b o r  a r e  concerned.  However, a  l a r g e  p o r t i o n  o f  mechan- 
ica l  t echno logy  h a s  l i t t l e  o r  no o u t p u t  e f f e c t  w h i l e  t h e  l a b o r  
s a v i n g  e f f e c t  may b e  v e r y  l a r g e .  T r a c t o r s ,  farm machinery  o f  
v a r i o u s  t y p e s  and i n s t a l l a t i o n s  i n  an imal  p r o d u c t i o n  have  g r e a t l y  
r educed  t h e  demand f o r  l a b o r  i n  Europe,  Nor th  America and c e r t a i n  
r e g i o n s  o f  d e v e l o p i n g  c o u n t r i e s .  While  many o f  t h e s e  t e c h n o l o g i e s  
have  s i g n i f i c a n t  o u t p u t  e f f e c t s  t h r o u g h  b e t t e r  l a n d  p r e p a r a t i o n ,  
more t i m e l y  p l a n t i n g  and  a p p l i c a t i o n  o f  p e s t i c i d e s ,  r educed  h a r v e s t -  
i n g  losses as w e l l  as f a c i l i t a t i n g  m u l t i p l e  c r o p p i n g  under  c e r t a i n  
c i r c u m s t a n c e s ,  t h e  m a j o r i t y  o f  t h e s e  o u t p u t  e f f e c t s  are n o t  re- 
f l e c t e d  i n  t h e  l a b o r  demand b e c a u s e  t h e  ac t iv i t i es  are a l r e a d y  
mechanized. Of c o u r s e ,  m e c h a n i c a l  t e c h n o l o g y  r e s u l t s  i n  h i g h e r  
l a b o r  p r o d u c t i v i t y  a n d ,  t h u s ,  p e r m i t s  i n c r e a s i n g  wages f o r  t h o s e  
r e m a i n i n g  i n  a g r i c u l t u r e .  The impact  o f  mechan ica l  t e c h n o l o g y  
w i t h  l i t t l e  o r  no  o u t p u t  e f f e c t  on t h e  demand f o r  l a n d  i s  c l o s e l y  
r e l a t e d  t o  t h e  s c a l e  economies a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  t e c h -  
nology.  I n t r o d u c t i o n  o f  t e c h n o l o g y  w i t h  e x t e n s i v e  scale economies 
t e n d s  t o  push f o r  l a r g e r  f a rm s i z e s .  T h i s  h a s  been  o b s e r v e d  b o t h  
i n  d e v e l o p e d  and d e v e l o p i n g  c o u n t r i e s .  
ENVIRONMENTAL EFFECTS 
Concerns  a b o u t  a d v e r s e  and i n  some c a s e s  i r r e v e r s i b l e  e f f e c t s  
o f  a g r i c u l t u r a l  p r o d u c t i o n  p r a c t i c e s  o n  t h e  n a t u r a l  env i ronment  
a r e  becoming more w i d e s p r e a d  a s  t h e  u s e  o f  c h e m i c a l  i n p u t s  i n -  
c r e a s e s  and l a r g e r  c r o p s  a r e  removed from t h e  l a n d .  A number o f  
o t h e r  t r e n d s  i n  t h e  i n t e n s i f i c a t i o n  of a g r i c u l t u r e  s u c h  a s  i n c r e a s -  
i n g  c o n c e n t r a t i o n  o f  a n i m a l  p r o d u c t i o n  c o n t r i b u t e  t o  t h e s e  con- 
c e r n s .  These i n c r e a s i n g  c o n c e r n s  a r e  c l o s e l y  r e l a t e d  t o  t h e  gen- 
eral  i n c r e a s e  i n  t h e  awareness  o f  e n v i r o n m e n t a l  d e t e r i o r a t i o n  such  
as a i r  and w a t e r  p o l l u t i o n  and d e p l e t i o n  o f  non-renewable r e s o u r c e s .  
S i n c e  a g r i c u l t u r a l  p r o d u c t i o n  p r a c t i c e s  a r e  h e a v i l y  i n f l u e n c e d  
by t e c h n o l o g i c a l  change ,  t h e  p a t h  o f  t h e  l a t t e r  o v e r  t i m e  w i l l  
g r e a t l y  a f f e c t  t h e  f u t u r e  e n v i r o n m e n t a l  impact  o f  a g r i c u l t u r e .  
Adverse e n v i r o n m e n t a l  e f f e c t s  a r e  u s u a l l y  a  l o n g  r u n  phenomenon. 
The l o n g  r u n  consequences  may n o t  b e  o b v i o u s  when d e c i s i o n s  f o r  
s h o r t  r u n  p r o d u c t i o n  a c t i v i t i e s  are made. Thus,  t h e  accumula t ion  
o f  seeming ly  u n i m p o r t a n t  s h o r t  r u n  e f f e c t s  may l e a d  t o  u n a c c e p t a b l e  
and s o m e t i m e s  i r r e v e r s i b l e  consequences .  F u r t h e r m o r e ,  t h e  s o c i a l  
c o s t  o f  e n v i r o n m e n t a l  d e t e r i o r a t i o n  may n o t  i n f l u e n c e  p r i v a t e  c o s t s  
f a c e d  by t h e  i n d i v i d u a l  f i r m  ( f a r m )  i n  a  f r e e  marke t  economy. Thus 
t h e  l o n g  r u n  e n v i r o n m e n t a l  i n t e r e s t s  o f  s o c i e t y  a s  a  whole o r  cer- 
t a i n  g roups  w i t h i n  s o c i e t y  may b e  p r o t e c t e d  o n l y  t h r o u g h  p u b l i c  
p o l i c y  measures  i n c l u d i n g  p o l i c i e s  t o  g u i d e  t h e  p a t h  o f  t echno log-  
i c a l  change.  
No a t t e m p t  w i l l  be made h e r e  t o  l i s t  a l l  t h e  p o s s i b l e  a d v e r s e  
e n v i r o n m e n t a l  e f f e c t s  which  migh t  be  b r o u g h t  a b o u t  by a g r i c u l t u r a l  
t echno logy .  S o i l  e r o s i o n  and t h e  r e p l a c e m e n t  o f  r a i n  f o r e s t s  by 
food  c r o p s  w i t h o u t  t h e  a p p r o p r i a t e  s o i l  c o n s e r v a t i o n  p r a c t i c e s ,  
p o l l u t i o n  o f  streams and r i v e r s  due  t o  e x c e s s i v e  f e r t i l i z e r  a p p l i -  
c a t i o n  and m i s u s e  o f  c h e r i c a l  p e s t  c o n t r o l  measures  a r e  b u t  a  few 
examples.  Development and i n t r o d u c t i o n  o f  improved c r o p  v a r i e t i e s  
r e s u l t i n g  i n  t h e  r e d u c t i o n  o f  g e n e t i c  d i v e r s i t y  i n  mono c r o p  re- 
g i o n s  i n c r e a s e s  t h e  r i s k  o f  l a r g e  and s i m u l t a n e o u s  c r o p  f a i l u r e s  
due  t o  d i s e a s s  and p e s t  f o r  which t h e  p a r t i c u l a r  v a r i e t y  h a s  no 
r e s i s t a n c e .  F u r t h e r m o r e ,  e x t e n s i v e  u s e  o f  p e s t i c i d e s  may r e s u l t  
i n  t h e  development  o f  new r e s i s t a n c e  among i n s e c t s  and o t h e r  p e s t s .  
P e s t i c i d e  u s e  on  c r o p s  may have  a d v e r s e  e f f e c t s  on humans and a n i -  
m a l s  and ,  i n  cases where p e s t i c i d e s  end up i n  streams and r i v e r s ,  
on f i s h .  
The above are o n l y  some o f  t h e  e n v i r o n m e n t a l - r i s k s  a s s o c i a t e d  
w i t h  n e w a g r i c u l t u r a l  t e c h n o l o g y  which have  been  ment ioned i n  
r e c e n t  l i t e r a t u r e  . I9 
While a i r  and w a t e r  p o l l u t i o n  e f f e c t s  o f  i n d u s t r i a l  a c t i v i t i e s  
r e l a t e d  t o  a g r i c u l t u r a l  i n p u t s  and o u t p u t s  may b e  s e v e r e ,  e . g . ,  
a i r  and water p o l l u t i o n  a s s o c i a t e d  w i t h  f e r t i l i z e r  m a n u f a c t u r i n g ,  
a v a i l a b l e  e m p i r i c a l  e v i d e n c e  d o e s  n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
s i g n i f i c a n t  a i r  and water p o l l u t i o n  problems are c r e a t e d  by t h e  
a p p l i c a t i o n  o f  new t e c h n o l o g y  i n  a g r i c u l t u r a l  p r o d u c t i o n .  
I t  h a s  b e e n  s u g g e s t e d  t h a t  a p p l i c a t i o n  o f  i n c r e a s i n g  q u a n t i -  
t i e s  o f  f e r t i l i z e r  migh t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  p o l l u t i o n  
o f  s t r e a m s  and r i v e r s .  However, o n  t h e  b a s i s  o f  a r e c e n t  s u r v e y ,  20 
it may b e  conc luded  t h a t  i n  t h e  few cases where f e r t i l i z e r  a p p l i c a -  
t i o n  h a s  i n  f a c t  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  water p o l l u t i o n ,  it 
h a s  been  due  t o  wrong (wrong from t h e  p o i n t  o f  view o f  t h e  economic 
g o a l s  o f  t h e  i n d i v i d u a l  f a r m e r )  t i m i n g  o f  a p p l i c a t i o n  o r  e x c e s s i v e  
q u a n t i t i t e s .  F u r t h e r m o r e ,  cases have  been  found where t h e  i n i t i a -  
t i o n  o f  i r r i g a t i o n  h a s  r e s u l t e d  i n  water p o l l u t i o n  c a u s e d  by nu- 
t r i e n t s  a l r e a d y  i n  t h e  s o i l .  I n  g e n e r a l ,  however,  i n c r e a s i n g  u s e  
o f  f e r t i l i z e r s  w i t h i n  t h e  l i m i t s  p r o v i d e d  by t h e  f a r m e r ' s  p r o f i t  
m o t i v e s  d o e s  n o t  seem t o  o f f e r  any t h r e a t  t o  t h e  q u a l i t y  o f  water 
i n  s t r e a m s  and r i v e r s .  I t  h a s  been  a r g u e d  t h a t  a p p l i c a t i o n  o f  
i n c r e a s i n g  q u a n t i t i e s  o f  n i t r o g e n  f e r t i l i z e r s ,  r e s u l t i n g  i n  i n c r e a s -  
i n g  n i t r o g e n  l o s s e s  t o  t h e  a i r  may have  a s i g n i f i c a n t  a d v e r s e  e f -  
f ec t  on t h e  ozone  l a y e r .  However, c u r r e n t  knowledge is  i n s u f f i -  
c i e n t  t o  draw f i r m  c o n c l u s i o n s  o n  t h i s  a s p e c t .  
The e n v i r o n m e n t a l  r i s k  a s s o c i a t e d  w i t h  t h e  r e d u c t i o n  o f  gene- 
t i c  d i v e r s i t y  i n  a g i v e n  r e g i o n  i s  rea l  and s h o u l d  b e  t a k e n  i n t o  
a c c o u n t  i n  t h e  p l a n n i n g  o f  p l a n t  b r e e d i n g .  Fur the rmore ,  s u b s t i -  
t u t i o n  o f  a n n u a l  o r  semi-annual  c r o p s  f o r  r a i n  f o r e s t s  w i t h o u t  
p r o p e r  s o i l  management o f f e r s  s e r i o u s  e n v i r o n m e n t a l  t h r e a t s .  Even 
w i t h  p r o p e r  s o i l  management, a d v e r s e  e f f e c t s  o n  env i ronment  may b e  
s e r i o u s .  N e w  t e c h n o l o g y  which makes food  p r o d u c t i o n  more p r o f i t -  
a b l e  may c o n t r i b u t e  t o  such  s u b s t i t u t i o n .  On t h e  o t h e r  hand,  
g u i d i n g  a s u f f i c i e n t  amount o f  a g r i c u l t u r a l  RGD towards  a v o i d i n g  
t h e s e  a d v e r s e  e f f e c t s  may have  h i g h  s o c i a l  v a l u e .  
- -  - - 
l9 See:  E r i k  P. Eckholm, L o s i n g  Grounds. W . W .  Nor ton ,  N e w  York 
1976, f o r  a  more e x t e n s i v e  t r e a t m e n t  o f  t h e  t o p i c .  
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I n c o r p o r a t i o n  o f  t h e  env i ronmenta l  e f f e c t s  i n t o  an  a g r i c u l -  
t u r a l  t echno logy  a s se s smen t  model may b e  d i f f i c u l t  f o r  a number 
o f  r e a s o n s .  F i r s t  o f  a l l ,  t h e r e  i s  v e r y  l i t t l e  c o n c r e t e  r e l e v a n t  
and g e n e r a l i z a b l e  i n f o r m a t i o n  on  t h e  t o p i c .  Thus a r e a l i s t i c  
q u a n t i f i c a t i o n  o f  t h e  r e l a t i o n s h i p s  may b e  d i f f i c u l t .  Secondly ,  
env i ronmenta l  e f f e c t s  may o n l y  be  measurab le  o v e r  a r e l a t i v e l y  
l ong  t i m e  p e r i o d .  A s  a consequence ,  t h e  impac t  r e l e v a n t  to  any 
g i v e n  d e c i s i o n  p e r i o d  may be  d i f f i c u l t  t o  e s t i m a t e .  These  and 
o t h e r  d i f f i c u l t i e s  a r e  n o t  n e c e s s a r i l y  s p e c i f i c  t o  a g r i c u l t u r e .  
Two a d d i t i o n a l  p o i n t s  t o  f i n a l i z e  t h i s  s e c t i o n .  F i r s t ,  it 
is  imp o r t a n t  t o  s e p a r a t e  real  env i ronmen ta l  e f f e c t s  from f i c -  
t i t i o u s  o n es  b e f o r e  env i ronmen ta l  e f f e c t s  are i n t r o d u c e d  
i n t o  t h e  model. I n  my (obv ious ly  b i a s e d )  o p i n i o n ,  much o f  t h e  
r e c e n t  d e b a t e  o v e r  a d v e r s e  env i ronmen ta l  e f f e c t s  o f  a g r i c u l t u r e  
h a s  been more emot iona l  t h a n  f a c t u a l  and based  on v e r y  l i t t l e  
ha rd  e m p i r i c a l  ev idence .  Secondly ,  where a d v e r s e  env i ronmen ta l  
effects of new a g r i c u l t u r a l  t e chno logy  do  o c c u r ,  t h e  t r a d e - o f f  
between removing such  e f f e c t s  and t h e  consequences  f o r  food  
p r o d u c t i o n  and r e s o u r c e  u s e  must  be e x p l i c i t l y  t r e a t e d .  Some 
env i ro n me n ta l  effects may be removed o r  avo ided  a t  l i t t l e  o r  no 
a d v e r s e  e f f e c t s  on  food  p r o d u c t i o n .  O t h e r s  migh t  n o t .  
